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PREFACE 



This Manual provides the basic technical 
information necessary for an uiKlerstariding 
of Radiological Defense (RADEF) and briefly 
discusses the need for RADEF planning and 
expected postattack emergency operations. 
It had originally been prepared by the * 
Defense Civil Preparedness Agency (DCPA) 
for use as a student textbook in Radio- 
logical Defense tourses. 

Ttiis technical Manual is. not intended to 
provide complete RADEF opel^ational pro- 
ceduif*es or direction for the development 
of RADEF plans; and organizations. Such * 
detailed guidance will be found in other 
DCPA publications. 
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INTRODUCTION TO RADIOLOGICAL DEFENSE 



A strong civil preparedness program is 
vital to this nation's security. Today, ev- 
ery citizen and officials at every level of 
government should be concerned with pre- 
paring for disasters of all kinds. This book 
is primarily concerned with one such po- 
tential disaster; that of a nuclear attack 
on this country. 

This chapter will show why civil prepar- 
edness is vital to our security by stating 
the nature of the threat we face and the 
role that an effective preparedness pos- 
ture can play in our national response to 
that threat. It will also define what we 
mean by "radiological defense** and will 
indicate how such defense is organized. 
Another objective of this chapter, and per- 
haps the most important one, is to explain 
how effective radiological defense requires 
trained and dedicated personnel. We can- 
not develop a radiological defense capabil- 
ity unless we can count on all of our citi- 
zens to learn something •of the nature of 
nuclear radiation and to gain an under- 
standing of the measures that can be 
.taken to defend against its effects should 
this nation ever face nucfear attack. 

THE NATURE OF THE THREAT 

1.1 Any assumptions about a possible^ 
nuclear attack upon the United States are 
dangerous since we can never be sure 
about a pptential enemy's objectives or 
even specific capabilities. Studies made by 

^ ithe Department of Defense and others for 
^ exercise purposes use ^attack patterns 'that , 
represent current estimates of weapon 
size and tiital'yield that could be delivered 
on this country in an all out nuclear at- 
tack. 

1.2 Specific attack patterns assume 
hundreds of nuclear weapons with many 
millions of tons of TNT equivalent are 



dropped on a mixture of military, indus- 
trial and population targets as both sur- 
face and air bursts. The results vary, of 
caurse, but the unmistakable fact re- 
mains that millions of Americans would be 
killed outright in any such attack by the 
direct effects of blast and fire. The loca- 
tions at which weapons were (letonated 
would suffer unprecedented physical dam- 
age and the fallout radiation from surface 
weapons would affect hundreds of square 
miles in a downwind direction from those 
bursts. Additional millions of casualties 
would be caused depending on the amount/ 
of fallout protection available in the af-' 
fected areas. In one simulated attack in 
which 800 nuclear weapons of 3,500 ^mega- 
tons were assumed, there would be about 
97 million people killed either outright or 
who died subsequently from the direct ef- 
fects or from fallout. Another 30 million 
would have been injured but would sur- 
vive while the remaining 67 million out of 
a total population of 194 million would not 
be affected. 

1.3 Three things are worth noting 
about this threat. Thej^are: 

First, there is no equivalent in human 
experience for the destructiveness*of 
multi-megatbn hydrogen weapons. It is 
worth remembering that all the bombing 
raids on Germany in World War 11 .\ .by 
all the allied forces . . . together totalled 
but one megaton. • I ^ 

Second, not only are the weapons in a. . 
new dimension of destruction, but the de- ^ 
livery systems are now in a new dimension . 
of effectiveness. Unless ^n anti-missile- 
missile is developed that can not only hit 
an enemy missile, but hit it almost imme- ' 
diately aft^r it leaves, the launching pad, 
and further,, can discriminate between 
missile and decoy, , the 'advantage in 



mpdern strategic missile warfare seems 
certain to remain with the attacker. This 
factor, coupled with the enormous destruc- 
tivehess of modern weapons, places a 
preftiium on surprise. 

Third, this hypothetical attack would • 
produdfe casualties t»o more than half of" 
our population undeitvthe conditions then 
prevailing. If the conditions were changed 
to the extent of providing an effective civil 
preparedness pragram, the casualties 
^woul<} be reduced to a major degree. 

NOTE 

Our system of ethics is btised upon the 
belief that each individual life is pre- 
cious. Tjiis belief underlies all our 
American institutions. It is, in fact, 
the basic way we differ from systems 
embracing totalitarianism, where the 
individual is the servant of the State, 
rather than our system where govern- 
ments derive ". . . their just powers 
from the consent vf the governed , . 
This central facty which motivates the 
government in working for civil pre- 
paredness, shpuld not be obscured by 
statistics , dealing with millions of cas- 
ualties. Megadeath'' like "genocide" 
are words that spring from systems of 
government alien to , our way of life 
and our system, of right and wrong. 
Unfortunately, the grim facts of the 
misBile age force us^to consider these 
terms, so hostile to our belief in the 
supreme value of the individual. 

THE ROLE OF CIVIL PREPAREDNESS AND 
RADlOLOGIGAL^q^EFENSE , 

1.4 The national defensive posture of a 
nation incorporates, among other things, 
the concept<of "Active*' and "Passive" of- 
fensive and/or 'defensive capabilities. "Ac^ 
tive" offensive and defensive, capabilities 
include items such as a nation's military 
forces and arms, both conventional and 
nuclear, as well as any other capability 
which represents an "Active" resource for 
implementing and maintainingN an offen- 
sive or defensive posture. ICBM's, bomb- 
ers, naval ships, etc., represent obyious 
examples of an "Active" capability. "Pas- 
sive*' capabilities, however, are those 
items lacking the visibility of* a military 
force, but :yhich may contribute signifi- 
cantly to a natioji's defensive capability. 



Civil preparedness is a prime example of a 
"Passive" capability. 

1.5 The Strategic. Arms Limitation 
Talks (SALT) were designed to ^fect a 
balance of power among the two primary 
-rfuclear powers — the United States and 
the Soviet Union. The SALT negotiations 
would basically effect this balance by plac- 
ing limitations or curbs upon^the "Active" 
offensive and defensive capabilities of a 
nation. It then becomes apparent that, 
assuming the* effectiveness of the SALT 
negotiations, ^ nation with a strong "Pas- 
sive" defensive capability occupies a posi- 
tion of strength. Herein lies the impor- 
tance of civil preparedness and radiologi- 
cal defense. 

1.6 Since the civil preparedness prp- 
gram is a vital element of a meaningful 
"Passive" defensive posture, it is ex- 
tremely ihiportant that it be an effective 
element with trained personnel ready to 

'provide an immediate response in a crises 
situation. Thus, -in terms of the Tecogni^- 
able nuclear threat, radiological defense 
occupies a very realistic and substantial 
role within the United States civil prepar- 
edness program and within the total de- 
fensive posture of the nationf 



RADIOIOGICAL DEFENSE 

1.7 In evaluating the results of a hypo- 
thetical nuclear attack upon the United 
States, several means of protec;^ion must 
be utilized. Assuming that a crisis period 
or period of marked increased interna- 
tional tension will probably preceed an 
actual attack, crisis evacuation proceclures 
can remove segnlentfe of the population 
away from probable high risk areas. Addi- 
tionally, to the extent that it is available, 
protection against blast and other direct 
effect's should be taken by utilizing availa- 
ble shelters. Equally important, however, 
is the need in all defensive plans for pro- 
tection against nuclear fallout. Radiologi- 
cal defense maximizes this type of protec- 
tion. 

^ 1.8 Thus, imdiological defense is an ex- 
tremely important element of civil prepar- 
edness. Radiological defense is defined as: 



^ *^ THt Organiztd Effort Through 
Dtttction, Warning, and, 
Frovtntivt^and Rtmodial Mtasurts 
- ^ To Minimiz* tho Efftct of 

Nucloar Radiation 
on Poopit and Rtsources. 

GENERAL RADiOLOGiCAL DEFENSE 
REQUIREMENTS^ 

1.9 Following are the requirements of a 
s^nd radiological arid civil preparedness 
program: J) , . 

(a) A system of shelter^, equipped and 
provisioned fo protect qur population from 
the fallout effects of a nuclear attack. 

(b) Organization and planning of emer- 
gency actions necessary to restore a func- 
tioning society. ' 

* 

THE IA4P0RTANCE OF SHELTERS 

1.10 Shelters — both individual and 
community— are "keys" for survival. This 
is because shelter plays a du^ role in an 
effective radiological defense 'program; 

^ first, as a shield protecting individuals; 
and sebond, as a shield protecting the per- 
sons who, by possessing special knowledge, 
^ * skills, and habits of organization, can com- 
bine to Bssure the continuing of ^func- 
tioning, democratic society. Thus, a shel- 
ter is not only a passive shield; it is ahso an 
activi element in the system of counter- 
measures that would have to be taken to 
assuire the survival of the nation after an 
attack: 

As radiation levels decline, people can 
leave their sh^ters to perform needed 
tasks of recovery. But when can they 
leave their shelters? This and other ques- 
* tions, such as determining what the radia- 
* tion levels are within the shelter, can be 
satisfactorily answered in one way only: 
throu^ accurate measurement or moni-. 
toring* 

MONITORING AND THE MONITORING 
SYSTEM 

. *■ * 
Lll To* assure adequate measurement^ 
--of^'fa^liati'on levels to. s(upport postattack 
^ fijMidlogical de'fc^nse operations, the nation 

' ' v / ■ • ' ^ 



needs a large number of fallout monitor- 
ing stations. Some of these stations may 
be locatei^ withiiv communiJtv shelters, 
since such shelters form' strongv points of 
survival and bases of ultimate recovery 
operations^* Those^'community shelters 
that provide for extended geographic and 
communications coverage are particularly 
suited for serving in the additional capac- 
ity of monitoring stations. 
^ 1.12 Whether in separate monitoring 
stations or carrying out monitoring proce- 
dures from community shelters, the pri- 
mary job of the monitor will be to supply 
information on radiation levels, informa- 
tion basjc to survival and recovery- opera- 
tions. In carrying out their duties, the 
monitors should receive technical direc- 
tion and supervision from their organiza- 
tional Radiological Defense Officer. 

RADIOLOGICAL DEFENSE 
ORGANIZATION 

1.13 ^ As stated in ^PulJHp Law 85-^06, it 
is the intent of Congress, in providing" 
funds for radiological defense, that the* 
responsibility for such defense be "vested 
jointly in the Federal Government and tl^e 
several States and tHeir political subdivi- 
sions." Th-e , division of responsibilities ' 

^ among governments, which is a central- 
feature of pur Federal system, is fully 
reflected in the organization of radiologi- 
cal defense. The DCPA recommended pro- 
gram describes in some detail the respon- 
sibility of each element and level of gov- 
ernment, and the organization established 
to give effect to the^e levels of re'sponsibil- 

^ ity. . , 

1.14 In order to make the radiological 
. defense program ^ success, there is need 

for radiological monitoring stations at 
Federal, State, . and local facilities' 
throughout 'the nation. This means that 
there is a need for money to pay for the 
insitruments and equipment required; 
there is need for management to assure 
that these stations operate effectively and 
in one coordinated system; But there is 
even more need.fot trained men and 
women wJio can OR^rate the equipmept, do 
the other specific jobs needed, and provide 



Ieadersk4p in radiological defense matters 
on the local levei. An essential part of such 
local leadership is the training of RADEP 
personnel. ^ 
1.15. DCPA training courses are^de- 
; signed to, produce a core of competent ra- 
diological defense personnel including 
those who will go back to their communi- 
ties and train others. For without trained 
people, the best lai^ plans become littlO 
more than complicated dreams. Trained 



men and women breathe life into plans. 
This is the reason behind the organization 
of DCPA CQurses. The courses offer tlie 
training. If that offering is taken— tq thre 
fullest potential— then all the effort, and 
planning, and h^opes of those deeply con-v 
cemed with protecting our society, from 
the President on dbwn, will be realized. 
For on men and women like ourselves, in 
the la^t analysis^, will lie the success of t^e 
radiological defense program. 
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.1. 



BASIC CONCEPTS OF NUCiEAR SCIENCE 



We will begin by ending tl?e mystery. 
Since the aim of this book is to Help you Jn 
your .Vorlc of radiological defense, it is 
^ential 'that y6u understand what you 
are defending against— miclear radiation. 

♦This, then, is the^rimary objective of 
this chapter: ^ . 



Understanding Nucleor Radidtion 

There are many kinds of radiation, some 
of .which, such as long and shcyrt radio 
waves, infrared (or heat) radialion, visible- 
light, and ultraviolet radiation are famiK 
iar to all of us. However^ nuclear radia- 
tion, the noiseless, od'orless, unseen, unfelt 
something that can be so deadly seems, as 
Winston diurchill-said of Russia, "a riddle 
wrapped in- mystery inside an enigma". 
, Fortunately, this need not B^so. A few 
concentrated hovirs 9f study will quickly 
n}ake rpdiation understandable. 

However, if our job. Were how to stop air 
contamination from auton^obile exhau^s, 
we -would not get too far hy confinuTg^ 
ourselyes to the nature of the exhaust 
alone. It would be necessary to study the 
fuel, the way the auto engine bqrned the 
fuel,. as well as many other things. Only 
then could we understand, and po.ssibily* 
cope. with,Hhe factors in the exhaust 
fuhies that were harmful. 

, The same need exists Avith nuclear r^r 
diation; If we are to understand it, we 
must see the whole pictute; Ve must know 
the why as well as the "tohat of nuclear 
radiation. 

Therefore, to help us understand nu- 
•^lear radiation, the major objective of this ' 
chapter, we must also have some grasp of: 

WHAT is meant by ^*matter'' and "en- 
ergy" \ 



WHAT are the kinds of nuclear radia- 
tion 

WHATz-is the language of nuclear 
physics, the te^rms, signs 
and symbols used to de- 
- * ' scribe the world o^the atom 
^ . and 'radiation * ^ ' 

WHAT is the structure of t^e atom 

is the nature of its^arts 

HOW dO'these parts behave 

HOW is nuclear ra'diation measured 

TWO rundamenta1s*and a 

BOMBSHEU ^ • ' 

2.1 There are two physical laWss^iit we 
must understand before we talk aboUt the 
atom. ^ 

2.2 The first of these is known as the 
j:.AW OF CONSERVATION OF MATTER. 

According to this law, the total mass of the 
material universe remains always the 
sam6, 'regardless of all the Tearrange- 
-^trtents of its component parts. This was 
first demojistr'ated by the brilliant French 
.physicist Antoine Lavoisier^ whose genius 
was cut'sKort by the J'rench Revolution. 
Lavoisier burned a candle Of known 
weight until it disappeared. He then 
weighed the oxygen used by the burnings 
candle, the wax 'that remained and the 
•foul gas (carbon dioxide)iand water vapor 
formed by the burning candle! He found 
tbat >the weight of the candle that disap- 
'peared and the^weight'of the oxygen that 
combinecPwith it equalled th,^ weight of 
tn^ carjbon .dioxide and water vapor. This 
is orie-demonstrationV the LAW OF CON- 
SERVATION OF MATTER. - 

2.3 The second 'law of coiiveritional 
physics is known as the LAW OF CON- 
SERVATION OF ENERGY. This law 



states ^that one form of energy p^in be 
converted to another form, but the total 
amount of energyJn th.e uni^er^e neither-- 
increases nor decreases, 

2.4. Until ISfes, matter or mass and .en- 
ergy were looked at. as separate '^entitles, 
^M^indeed theyj appear to be. > t . 

2.5 Then, a young mathematician and^ 
, physicist working in the Swiss Patient Off- 
ice produced a bombshell The young man 
yas Albert Einstein. He said, in what is 
probably the most important n^athemati- 
. cal equation in history, that E equals jnc^, 
or, in plain English, that there is an exact 
equivalence between mass and ^energy. 
^ Mass can be converted to energy and, even 
more strangely, energy can sometime^ be 
converted to mass. 

2S According to Einstefn,*it is not 
m^ss or energy as a separate entity, but 
rather the total mass-energy of the uni- 
verse that remains coHstant. In his equa- 
tion mc^ E stands for energy; in 4rgs, 
generated,_by. any reaction; m is for "mass" 



in grams, lost in any reaction; and c'is the 
speed of light, equivalent to 3 x 10*° cm per 
second (186,000 miles per second). ^ 

*NOTE 

As you read through this and other 
chapiei§^ou may meet words and 



. ierms new or unclear to you, such^s 
**ergs'\ All Of these words are included 
^in the^GLOSSARY fdund at the end of 
^' the text. 

POWER IMPLICATIONS . 

' 2.7 Although no one has succeeded 
through nuclear fission in converting to 
energy more than a small fraction Of any 
mass, the advantages of nuclear^ fission 
over chemical power (^uch as comfauistion) 

' are enormous. (See Figure 2.7 for som^ 
examples). For instance, in the fission- 
ing of uranium, as in, the bomb dropped 
over Hiroshima, only a minute part of the 
total mass of ^radioactive substance is 
changed to energy — but this release 
^rgy is gigantic. The Hiroshima bjast was 

' equivalent to 20;000 tons of TNT. This was 
produced by the fission of 2.2^pound8 of 
uranium (since only a minute part of the 
total actuallj!j underwent fission, the ura- 
nium contained in the 'bomb was consider- 
ttbly more than 2.2 pounds). Why so little 
mass can produce so much energy is pre- 
cisely, what was explained in Einstein's. 
E =mc^ormula. - > 

NATURE OF MAHER 

2.8 About the year 1900 a chemist, if 
asked to exphath the^ material world in 
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FioTJBE 2.7.— Nuclear energy at; comEared with cKemlcal energy. • •> 
Figure 2.7— Nuclear energy as compared with chemical energy. 
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non-technical language, would have spo- 
ken somewhat ac follows, stressing certain 
facts that are still valid and are still fun- 
ddmentat to an understanding of more re- 
cent discoveries. 

2.9 The chemist would speak of* ELE- 
MENTS, of the ATOM, of MIXTURES and 
COMPOUNDS, of ATOMIC WEIGHT and 
the PERIODIC TABLE. Let usrtake these 
one at a time. 

2.10 ^/men^a.— All material is made up 
of one or more efements. These ar€^, sub- 

^ stances that cannot be broken down into 
other and simpler substances by any 
chemical means. Our 190Q vintage chemist 
'did not know it, but you will see later, that 
it is possible to cause both decomposition 
, and production of certailS elements by 
, means of nuclear reactions. There are now 
• over 100 known basic materials or ele- 
ments such as iron, mercury, hydrogen, 
etc., that have be,en discovered and cla.ssi- 
fied. Some have never been found in a 
natural environment, but are manma^e. 

2.11 Iron,; mercury, and hydrogen— ex- 
isting at normal temperatures as a solid, a 
liquid, and a gas respectively— ar^ typical 
elements. By heating, a solid element can 
be changed to a liquid and even to a gas. 
Conversely, by cooling, a gaseous element 
can be changed to a liquid and even to a 

.solid. ■ \ 

2.12 The Atom.— The smallest portion of 
any element that shares the general char- 
acteristics of that element is called an 
ATOM, which is a Greek word meaning 
INDIVISIBLE PARTICLfil ^ 

2.13 ' Mixtures.— Elements^ may be 
mix^d without necessarily Undergojljiig^ajiy 
chemical- change. For example,, iF finely 
powdere'd iron and sulfur are sttlped and 
shaken together, the result is a riilxture.- 
Even if it were possible to grind thii^ -mix- 
ture to atom-size particles,^ the iron atdms 
and the sulfur atpms wctu|d gremlin dis- 
tinct from each other, '^i^^? • 

^.14 Compounds.— \J;^der' ceHsLin condi- 
tions, however, two ov^-^ote elements can 
be brought together in such a way that, 
they unite chemicallyto'form a compound. * 
The resulting substatice may differ widely 
from any of its component elements. For 



example, drinking water is formed by the 
chemical union of two gases, hydrjogen and 
oxygen; edible table salt is compounded 
from a deadly gas, chlorine, and a poison- 
ous metalj^sodiufn. 

2.15 Whenever a compound is pro- 
duced, two or more atoms of the combining 
elements join chemically to form the MOL- 
ECULE that is typical of the compound. 
The molecule is the smallest unit that 
shares the distinguishing' characteristic of 
a compound. 

2.16 Atomic Weight.— Hydrogen ia the 
lightest element. Experiments have dem- 
onstrated that the oxygen atom is almost 
exactly 16 times as heavy as the hydrogen 
atom. Chemists express this truth by say- 
ing that bxygen has an ATOMIC WEIGHT 
of 16. Through many experime.nts, the 
atomic weights of t>^ remaining elements - 
have been found, 

* 2.17 The Periodic Table.— Figure 2.17 is 
;^ndard table of the elements. The 
^atomic number of each element appeals 
above its chemical symbol. The vertical ^ 
coluifins represent family groups. All 
members— from the lightest to heaviest— 
of a, family behave like one another in 
forming (or refusing to-form) chemical 
compounds with other families. 
. 2.18 While still essential|v?.correct, this 
circa 1900 chemist's view ofmatter needs 
to be supplemented (but not^^entjrely^e- 
placed) by an analysis of the atom. In 1900, 
only a few advanced scientists had become . 
convinced that the atom is divisible after .^^ 
all. This was a new idea, since the atom 'is 
very small', Slaving an overall diameter of A 
about 10"* centimeters. 

THE ATOM AND ITS BUILDING BLOCKS 

2.19 Small as it is, the atom proved ta^ 
be copiposed of yet smaller particles. In 
fact, as sbown in Figure^.l9a, it proved to 
be mostly empty space, with the actual 
matter contained in a central mass. The 
new knowledge of the nature of the atom 
has added many terms to tho^e known to 
our 1900 vintage chemist. Let us take ar- 
few. of these terms and relate th^m to 
some diagrams of the atom. The terms 
most useful are NUCLEUS', ELEC- 
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FICURE 2.19a^If an atom were the size -of the Em- 
pire State Building, it« nucleus would be as large 
a« a pea and the electrons would revolve around 
the nucleus at a distance of several hundred feet. 
(Understanding that there is so much unoccupied 
space within the atom is important to an under- 
standing of the infraction of radiation with mat- 
ter.) 

TRONS, PROTONS and NEUTRONS, the 
latter three comprising the basic atomic 
building blocks as shown in detail in Fig- 
ure a.lSb. 

.2.20 The NUCLEUS is the heavy, 
dense fore of the atom, containing practi- 
cally all of its weight. As we have seen, 
this nucleus is Surrounded at quite some 
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PlOU»B 2,19b^Atomic building blocks. 




O ^WTM (Htitht CMrft) 

Figure 2.21^E!einenUry particles that make up an 
atom. « 

distance by ELECTRON& which whirl 
around the nucleus at tremendous speeds. 
Electrons are very small and have practi- 
Cially no weight. 

2.21 If we examine the structure of the 
nucleus in greater jietail> we see that it 
consists of little individual balls of matter 
that are about the same size in all atoms. 
Some of these little balls of matter have a 
j)08itive electrical charge. These are called 
PROTONS. Others,, called NEUTRONS, 
have no electrical charge and are said to 
be electrically neutral. Both a proton and 
a neutron are mu^h larger and heavier 
than an electron (see Figure 2.2l). 

2.22 For each positively charged PRO- 
TON in the nucleus, there fs a negatively 
charged electron in orbit around the uu-* 
cleus. The number of protons in the i(iu- 
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FIGURE 2.22— iComparinc the atoms of the rirtt four 
elements. 



i:C.leus, thef efbre^t Hetermmes the humber of 

, iftlectrb^s which are in orbit ardund the, 
nucleus. The number of protons also deter- 

- mifiet the^natury o^ the element. For exa^m- 
•pley-the single positive charge on' *he hy- 
drogen nucleus balances ^the negative^ 
chargjB^orj^he electron. Thus, in its normal 
or:UNEXCiTEP stete/the h^^ aton\ 

. «8 a whole is electrically neutraL The next^ 
element heavier than hydrogen is hteliilm/ 
and ii has two electrons that move in/ a 
single orbit* ISvo positive charges in the 
helium nucleus counterbalance the nega- 
tive effect ojf the two electrons. Lithium, 
the next heavier element, has three elec- 
trons* Only twq of these travel in the 
comparatively small ayea near the nu- 
cleus, the*^hird has a much larger orbit. 
The^ lithium nucleus, therefore, has thyee 
positive charges. See Figurfe 2.?2 for exam- 
ples* . • 

2.23 If time and space permitfed, the 
atoms of all the elements could be exam- 
ined one by one. For present purposes, 
however^ the oxygen atom (Figure 2.23) 

. will be an adlequate example. * 

2124 The oxygen atom has eight pro- 
tons, and th^efore eight positive charges 
in its nucleus* To balance these eight p^bsi- 

'tive chaises, eight electrons ;jare requiriBd* 
The first twq electr6ns are in the inner 
drbit, as is normal in any atom ' above 
hydrogen. Thrfee outer orbits, contitin the 
other three pairs of elec^ons, as shown in 




. ^ ^NEUmOM (NtdMrft) 

"^GURB-2.23y~The oxygen atom. 

the drawing. One way to thinl^' of the six 
"P^er electrons, all revolving and spin- 
ning, is as if they were tracing a hollow 
shell like an ultra-light tennis ball. Scien- 
tists customarily speak of electrons as 
being located in SHELLS, classified as K, 
L, M, N, 0, P, A, and sub-shells, in accord- 
ance with their energy level, which is pro- 
portional to a distance from the nudeus. 

2.25 . Continuing with our detailed look 
at the oxygen artom, we see that in addi- 
tion to the eight protons and the two 
shells with a totallof eight eleltrons, there 
are also eight uncharged particles or neu- 
tron/. 

2.26 With the single .exception of hydro- 
gen in its simplest form, all atomic nuclei 
contain neutrons as well as protons. The 
lighter elements tend to have appro^- 
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FlOimE 2.2|.^Anothcr w«r of viewfhg the atpin.|g,M niiriutc splite system. Instead of the sun at the center, 
\^ - ' « the nucleus; instead of the p^^^^ 



mately equal quotas of neutrons and pro- 
tons; the heavier elements hckve more neu- 
trqn$ than protons. This fact, to be ex- 
plained in greater detail later, isTmpor- 
tant .fo kn understanding of.radiation. 

ISOTOPES / 

2.27 yThe number of neutrons in- the 
nucleus may range from zero to almost 
150. In certain elements it is found that 
different atoms of the same element have 
the same number of protons but vary in 
the number of neutrons. To the chemist, 
this is of little Conqem because the chem- ' 
ist works with the orbital elecJ;rons, and 
since all of these atoms have the same 
number, of protons^ they will have the 
same number of electrons in orbit. Since 
they have a different number of neutrons 
in the nucleus, however, the various atoms 
of the same element will not all weigh the 
same. 

MASS. — A measure of the quantity of^ 
* • matter . ^ ^ 

WEIGHT.— A measure of' the force with 

which matter is attracted to 

the earth 

2.28 Ta the nuclear physicist and physi- 
cal chemist, these are different forms of 
the s^me chemical element differing only 
in the number of neutrons in the nucleus. 
Many of the isotopes are stable. Some of 
the isbtopes are unstable,, a^d therefore 
radioactive. 

, 2.29 Figu;:e 2.29 shows various isotopes 
of the element hydrogen. The/heavier iso- 
topes make up a very smAll fraction of one 
percept pf the total amotint pf hydrogen 
jfotind in nature. Ordinary water consists 
of molecules each of which is. mad^ up of 
two atoms of hydrogen and one atom of 
oxygen. If Tvater contain^ hydrogen which 
is not the itormal isotope of hydrogen (otie 
proton) hut#th6 deuterium isotope (one 
photon and one neutron) it will look like* 
regular water, taste like regular water, 
and, from thd (Jhefnical point of view, it 
will he water. However, from a nuclear • 
•point- of VijBW, this is HfiAVY WATER 
. because it is. made with the heavier iso- 
tope prhydrpgiBn. ' 
2,30 The third form of hydrogen.called 
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Figure 2.29.— Isotopes of the element hydrogen. 



tritium contains orte proton and two neu- 
trons in its^ nucleus. The addition of the 
second neutron to the nucleus produces an 
Unbalance in the proton to neutron ratio 
thereby causing an unstable or excited 
condition due to the excess energy. Thfs 
excess energy is emitted in the form of 
radiatiori. Tritium is the. only isotope of 
hydrogen that is radioactive. 
, , 2.31 Only thr$e isotopeSv.of the element 
hydrogen exist. Attempts to produce a 
fourth isotope fail because the nucleus of a 
tritium Atom will not captiire an addi- 
tional neutron^ 

2.32 Figyre 2.32 shows two different 
isotopes of uranium^ One is called uranium 
238* Its nucleus contains 92 prototis and 
146 neutrons which combined total 238 
particles. The other, uranium. 235,. con- 
tains 92 protons and l43 neutrons which 
total 235 particles* .Both pf these will react 
chemic'ally in exactly the same way* 
Therefore, to the chemist they are the 
same. The important difference to the nu-> 
clear physicist is the fact ihat, although 
both are a'adioi^ctive, the l/^* will sustain 
a chain i^eactfon whereas the U^^ will not.. 

2.33 As. previously stated, the first ele- 
m^xst] hydrogen, has only three, isotopes in 

Jts family. The number of isotopes for each 
o{ the other elements varies considerably 

11 



^th\ for^xample, as many as 25 istotopes 
for the fiftieth element, tin. 

/ 2,34 Altogether there are over 1,200 
isotopeSj/the majority of which are radio- 
Jctive, Most elements have two or more 
is9tppes.- WKile the number of neutrons in 
thk nuqleus does, not ^materially affect 
chemical behavior, the neutron- to proton 
(n:p) ratio of the nucleus does affect "She 
atom in other ways. 





^ Figure 2.39a^Atoin8 of the element hydrogen and 
' the element helium. 

We are close- to pur main objective — 

— understanding nuclear radiation!!! 

2.35 Before the discovery of the neu- 
tron, scientists identified any element by a 
one-letter or two-lettqr 'symbol represent- 
ing its chemical name— H for hydrogen/ CI 
for chlorine, Na for sodium (whose latin- 
ized technical Jiame^ is natrium, hence the 
Na), and so on. The nuclear physicist ac- 
cepts these time-honored letter symbols; 
but when speaking in gfeneral terms, he 
refers to any of them as SYiilBOL X* 

1 2.36* To make precise reference to a 
given atom, the nuclear physicist (1) pre- 
cedes symbol X with a numerical subscript 
callq^J SYMBOL Z and (2) follows symbol X 
with a number (often, but not always,, 
written- as a superscript) cs^lled SYMBOL 
A. His identification of ah atom, thien, 
takes the form or^ sometimes when Z is 
clearly understood, simply X^ or ^A. For 
example, U236 and *U238. ' 

2.37 SYMBOL Z,— The subscript Z is 
called the ATOMIC NUMBER; it tells how 
many protons the nucleus contains (and 
simultaneously, of course, how many pla- 
netary electrons the atom has in its nor- 
mal state), Por hydrogen Z-is 1; for oxygen 
it is 8; for uranium it is 92. 

2.38 SFMBOI^ A.— The final identifying 
symbol is m ATOMIC MASS NUMBER 
•representing' the Sum of the protojis, and 
the heutronSr t ^ 
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Figure 2j39b.-^ymbol meanings. 



IMPORTANT 

To find tY\B number of neutrons in any 
fully identified atom, subtract Z from 
A. 

2.39 Let us see a /ew examples of the 
uses of these symbols. In Figure 2.39a, we 
see an atom of hydrogen with the sub- 
script 1 as its atomic number (Z), since 
hydrogften has only .one proton, and super- 
script 1 as its atomic mass number (A), 
since the atom contains only the one prQ- 
ton and no neUtrons. The Z number for 
helium is two, since it has two protons in 
the nucleus. As we have seen, each ele- 
ment has a distinctive atomic number rep- 
resenting the number of protons in the 
nucleus, and we can determine the num- 
*ber of n^utronsJn the nucleus by subtract- 
ing the atomic number Z from, the atpmic 
mass number A. As examples, the nudleus 
of tgU"* contains 146 neutrons and the 
nucleus of contains 32 neutrons. Since 
norinal atoms are electrically neutral, each 
atom will fiave tfie same number of elec- 
trons as there are nrotons in the^nucleus, ' 
i.e., the Z numb^^iVill equal the numbjer of 
protons in the nucleus or the number of 
electrons in orbit aboutf^the nucleus. The 
subscript Z number is sametimelj disre- 
garded because the atom is identified by 
chemical sym'frol Thus He\ or ^He^ both 
have the same meaning. Figure 2,39b 
shows how symbols are interpreted. 

2,40' The ratio of neutrons to protons . 
within the nucleus of the atom largely 
determines the stability of tKe atom. The 



protons being positively charged tend to 
repel each other. The repulsive force is 
counteracted, however, by a nuclear at- 
tractive force called Binding Energy. Very 
. little is known of this ehergy. However, it 
is known that for elements which have 
relatively low atomic weights, nuclear sta- 
bility occurs when the number of protons 
and neutrons are nearly equ'^l. Heavier 
elements, those with higher Z numbers, 
require a higher neutron to proton (Ti:p) 
ratio for stability. Whereas those elements 
in the lower part of the periodic table 
(Figure 2.17) are stable when the isotope 
has an n:p ratio of approximately one (ap- 
proximately the same number of neutrons 
as protons). The n:p ratio must increase as 
the Z number increases if the stability of 
the atom is td be maintained. Beginning 
rwith the element bi§muth, atomic number 
83, when the n:p ratio increases above 
1.5:1 there are rto stable isotopes. The sta- 
ble range of n:p ratios for many elements 
is not critical, i.e., there are seyeral ele- 
ments with many stable isotopes. 

2.41 An unstable atom, one with a n:p 
ratio feither too high 0^ too low, will even- 
tually achieve stability by spontaneous 

^ emission of energy and/or particles from 
its nucleus. This process is known as RA- 
DIOACTIVITY. It majr be the natural de, 
cay of unstable isotopes which occur in 
nature or it may be^s the result of artifi- 
cial radioactivity which has been caused 
by man. In, each case the nucleus is in an 
unstable or excited state, having an excess 
of energy which mil be^ radiated allowing 
the nucleus to achieve a stable or ground 
state. ' . , 

RADIOACTIVITY is th^ spontaneous, disinte- 
Ifration of unstable nuclei with the-result- 
ing emission of nuclear radiation. 

2.42 Radiation is the conveyance. of en- 
ergy through spaed. Everyone is familiar* 
with ttie xadiatioriof heat from stoves, 

' light from el^tric lights and the sun, and 
the fact^that some kind of energy is* re- 
ceived by our radio and television se,ts to 
make them operate. Tiie radiation of en- . 
€irgy from radioactive materials is compa- 
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rable;to these faniiljar forms of radiation 
but, as indicafea by Figure 2.42, aYe gener- 
ally higher in frequency and, therefore, 
represent ^eater ener^es. ^ 
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2.43 A€oms in the unbalanced st^te de- 
scribed in paragraph 2.41 are said to be 
RADIOACTIVE. They are spontaneously 
emitting some type of IONIZING ra^ia- 
tion energy. IONIZATION is ^ process 
which results in the formation of electri- 
cally charged particles (IONS) from neu- 
tral atomts or .molecules. 

2.44 For a closer look at ionization, con- 
jj^er ^i'igure 2.44 iri which -a normal atom 

IS subjected to a bombardment of- energy. 
The energy of this bombardment may 
knock an electron fropi its oi^bit into free 
space, i.e*, it will not be associated with 
any -atom. It is a negatively charged parti- 
cfe in space and is referred to as a NEGA- 
TIVE ION. The remainder of the atom 
from which the electron was dislodged is 
also electrically unbalanced by this event. 
Having lost one electron with its negative 
charge, it now has an effective net positive 
charge df one since it now contains one 
proton for tsrhich there is no. counterbal- 
ancing electron. The positively charged 
atom (or atoms) is known as a POisiTIVE 




ION. The two, particles, the" positive ion 
(atom o'r atoms) and the negative ion (dis- 
.lodged electron), are known as an ION 
.PAIR. The process which caused this sepa- 
ration of particles.ma'king up the atom and 
the attendant electrical unbalance is 
know:n as IONIZATION. 




» . FlGUR]S^.44^Ionization. ' 

^ 2.45 Nuclear radiations are given off by 
atoms^hich haVe more than the normal- 
complement of energy. The physicist says 
they are tJNSTABLE. This unstable con- 
dition is often caused *by too low pr too 
high fin n:p ratio as explained earlier. 
Radioactive atoms literally erupt from 
time to time emitting energy from the 
nucleus. These nuclear radiation emis- 
sions are classified as ALPHA PARTI-^ 
CLES, BETA SARTlCLjEJS and GAMMA 
RAYS. 'Each tjTJg of i^adiation will be dis- 
cussed in. more detail in later paragraphs; 




FTGURB 2.47/-The normal atom of Co** bombarded by a 'neutron. In th5» case, the atom accepts this neutron in 
. ^nucleus> the A numbeivincreases by one to Co*» and the.atomi^ radioactive. 



2,46 Nuclear radiation, differs from 
other forms of radiation in the sense that 
tlie* nucleus of an unstable atom contains, 
ai). excess of energy which will be eniittea 
regardless of man's efforts. Use of heal, 
chemicalsLOr pressure' will not stop or alter 
thei rate of nuclear radiation emissions 
from a radioactive atom. Man can cause or 
stop other..types of radiation such as heat, 
light, 9r even other atomic radiations , 
which in. many ways compare to nuclear 
radiation. ,In the case of heat and light 
radiations caused by electricity, merely 
flipping a switch can start oi* stop these 
radiations. ' • 
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'2.47 Mdny nuclear radiations are 
caused by bombarding atoms with energy, 
causing them to radiate energy which 
ceases whenever the bombardment strops. 
However, if the atoms in the 'material be- 
come radioactive as a result of the bom- 
bardment/ they will then spontaneously 
emit ionizing radiation of one or more 
types until they reach a stable condition. 
One of the sources of nuclear radiation 
commonly encounter.ed in radiological de- 
fense training is ^yCo^ (Cobalt 60). Figure 
2.47 shows liow this isotope, of Cobalt is 
* ^ developed from 27Co^^ 

.2.48 Different i^adioactive elements 
vary greatly in the frequency with which 
their .atoms erupt. Some radioactive mate- 
'rials in which there are only' infrequent 
emissions: or radiations tend to have a * 
very long life white those which are very 
active, radiattng^'frequexrtly, may have a 
comparatively sho?t life. The time differ- 
^ . ehce is very grjaat between, short and long 
. V /lived radioactive materials. Some sub-^ 
^ -^.^^ stances may V stabilize themselves in a 
jsmall part of a Vecond, while a radioactive 
^ isotope with a long life may change or 
decay only slightly in thousands or mil-^ 
lion^^ years, The rate of radioactive de- * 
. cay js>^^ measured in HALt*-LIPE, s 

th^ time required for the radioactivity^ of a 
^ given amount of a particular -materi^ to , 
decreasejtq half its^original value. 

; ' . 2j49- THe.half-ljfe of- a radioactive mate- . 
/ rial max range from fractions of^a second 

•ERIC ; : : . . 



Figure 2<49^Decay curve. 

up to millions of years^ The following ra- 
dioactive eleriients demonstrate this wide 
range of half-lives; argon 41,109 minutes; 
iodine 131, 8 days; radium 226, 1,620 years; 
Plutonium 239, 24,000 'years. Figure "2.49 
depicts a gamma emitting material with a 
24-hour half-life. This material when first 
made radioactive has a quantity of radio- 
activity of^200 millicuries. In 24 hours the 
radioactivity would be down to 100 millicu- 
. ries; in anothej: 24 houjSL it would be down 
to 50; in another 24 Incurs it would down 
to 25, etc. » - ' 
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FlGURE*2.50^Another view of half-life. 



2.50 Let us look at another example. 
'Assume that the block shown at the upper 
left in Figure 2.50 is composed entirely of 
the radioaxtive protactinium iso,tope 
known as Pa"». The half-lii^ of this partic- 
ular isotope is 34,000 years. At the end of 
34,000 years, therefore, half of the original 
protactinium atoms will have undergone 
transmutation to other elements. The rest 
will still be protactinium. If they were 
separated from the transmuted atoms, the 
protactinium atoms would now constitute 
the second block in Figure 2.50. 

2.51 The second block will not decay 
completely in the second -34,000 j^ear pe- 
riod. Unquestionably, it has only half as 
many atoms as the original block; but by 
that very fact it offers only half the origi- 
nal opportunity for atomic reactions to 
take place. As before, half of the atoms (a 
quarter of the original protactinium at- 
oms) will remain unchanged at the end of 
the second half-life. • 

2.52 During the third half-life, the 
number of protactinium atbms will again 
be cut in half— and so on. In general 
terms, then "x'' grams of any radioactive 
^isotope will decay in accordance with the 
following series: 

2^4^8^16^32^64^128+256 +J 

2.53 No matter how far this series is 
extended, its final term, x/n will represent 
.only half of the protactinium atoms that 
were intact at the beginning of the given 
half-life. If x/n atoms have been lost dur- 
ing the preceding half-life through decay, 
an equal number still remain to start the 
next half-life. 

2.54 In other words, the sum of this 
series apprQaches x, the original number 
of atoms, but (in theory at least) never 
quite reaches it. There is alv^ays a frac- 
tion, equal to x/n, representing the atoms 
that are still intact. 

*^ 

2*55 A useful rule of thumb is that the 
passage of 7 half-lives will reduce the ra- 
dioactivity to a little less than 1 percent of 



its original activity, and in 10 half-lives 
the activity will be down to less than 0.1 
percent. The shorter the half-life, the more 
highly radioactive the material will be. 

2^ As we will see in more detail An 
subsequent chapters, half-life has impor- 
tant bearings on s^ffety. It is obvious, first 
of all, that any isotope with a long half-life 
is potentially dangerous if it is produced in 
large amounts. When such an isdtope is 
once formed— wheth;er by nature or in an 
atomic power plant or during a nuclear 
explosion— it will contaminate its sur- 
roundings for a long time to come. 

-2.57 For some of the artificially pro- 
duced radioactive isotopes, the half-life is 
measured in hours, minutes, or even sec- 
onds. These isotopes are extremely active; 
,that is why they decay so fast. • 



COMMON TYPES OF NUCLEAR 
RADIATION ^ 

2.58 There are three common types of 
nuclear radiation with which you must 
become familiar: ALPHA and .BETA PAR- 
TICLES, and GAMMA RAYS. 

2.59 Alpfia Radiations emitted by ra- 
dioactive materials are often called alpha 
radiation or simply alpha. Alpha particles 
are comparatively large, heavy particles of 
matter which have been ejected from the 
nucleus of a radioactive material >yith 
very high velocity. Thie velocity with 
which these particles leave the nucleus 
determines the distance (range) that they^ 
will travel in any substance. As indicated 
in Figure 2.59, an alpha particle carries a 
net positive electrical charge of two and 
an atomic mass of 4.00277, Thus the ^Ipha 
particle is equal to the nucleus of a helium 
atom wliich contains two protons (with one » 

" positive charge each) and two neutrons. 
However, when we compare the speed of 
alpha to that of beta and gatnma, we find 
this to be a relatively slow rate as* might 
be expected due to^alpha's size and weighty 
Alpha* rays are literally small pieces of 
matter traveling through space at speeds ' 



of 2,000 to 20,000 miles per second. When a 
radio5«ctive atom decays by- emitting an' 
alpha particle, transmutation of«this atom 
to an atom of lower atomic number (Z) and 
lower atomic mass number (A) occurs. 
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2.62 The neutron is another type of ra- 
diation which accompanied certain types 
of nuclear reactions but is not encoun- 
tered in natural radioactive decay. As was 
discussed previously, this type radiation is 



Figure 2.59/— Ch^acteristics of nuclear radiation. 

r 

2.60 Beta Particles are -identical to 
highspeed electrons. They carry a nega- 
tive electrical charge of one and are ex- 
tremely light, traveling at speeds nearly 
equal to the speed of light, 186)000 miles 
per second. Although the atomic nucleus 
does not contain free electrons, pnly pro- 
tons and neutrons, the electrons Which are* 
emitted as beta particles result from the 
spontaneous conversion of a neuti^on iyito 
a proton and an electron. The neutron 
which lost or emitted the beta particle has 
become a proton with a positive hharge 
and thus-the atom has been changed. 
Transmutation has {Produced an atotk with 
a higher Z number. \ . 

2.61 Gamma Rays are a type of elec- 
tromagnetic radiation* which travel \with 
the speed of light. As indicated in Figure 
2.59,^ they have no measurable mass or 
electrical charge. We have become accus- 
tomed to:the use of X-rays in the medical 
field. X-rays and gamma rays are similar, 

<but there are two important differences 
betweeh them. First, as indicated in. Fig- 
ure 2.42, while there is some overlapping, 
gamma rays are generally of a higher 
frequency. The basic difference, howevel^, 
is their source, Varfima rays originate in 
the nucleus, while X^rgbys originate in tn^ 
cljyud of electrons ^about the nucleus. The\i 
emission of an alpha or beta particle from J 
the' nucleus of an atom- as shown in Figure^^^ 
2.61, almost invariably leaves the nucleus 
with ah excess bf energy (excited stat6) 
and will be accompanied by the emission of 

1 g^mma rays to reach ground or stable 
'•bndition. 
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Figure 2.61^Excited to stable nucleus. 
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able to induce radioactivity in stable iso- 
topes\ 

RADIOACTIVE DECAY AND DAUGHTER 
PRODUCTS,^ ' 1^ 

'2.63 Radioactive decay, often results in ' 
"transmutations", i.e., the cliange of one 
element into another and the dream of the 
jnedieval alchemists. Some radioisotopes 
decay4iirectly to a stable state in one 
transmutation. Others decay through a 
series of transmutations or steps forming* 
different radioactive elements called 
DAUGHTER PRODUCTS before finally 
reaching a stable state. 

2.64 Consider now what happens when 
a radioactive isotope emits radiation, and 
follow one atom of uranium through its 
successive transmutations*. Starting with 
an. atom of uranium 238r'^ich has 92 
protons and 146 neutrons, follow the 
transmutations in Figure 2.64. 

2,65a Uranium/238^mits an alpha par- 
ticle. An afpha ;particle consists'jof two 
protons and t^yo neutrons, and therefore is 
an atomic* nucjeus in its own right. It is 
the nucleus of the helium atom. (Helium 
has a nucleus composed of two protons and 
two neiLitroAs.j With the alpha ^particle 
'^emitted, there are now 90 protons knd 144 
.tneutron3» The nucleus now weighs 234 
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units; and since the number.of protons has 
been -changed, it is no longer uranium but 
is, in fact, thorium 2Si. 

2.65b Thori.um 234 emits not an alpha . 
particle bCit a beta particle. Where does 
the beta particle come from? "Remember \ 
that a neutron is electrically ^neutral. We 
have seen that an electrically neutral 
state can be reached when positive and 
negative charges balance one another and 
that a neutron can act like a, proton with 
an electron tightly tied onto it as shown in 
Figure 2l65b. . ^ 

2.65c The negative charge of the elec- / 
tron balances the positive charge of the 
proton resulting in a neutron. When, this 
hegafively charge eleqtjron i^ ejected as a 
beta particle t^e remainder is no longer^ 

^ electrically neutral, but^now has a.positive 
.charge, thus changing a neutron Jiij^^a pro- 
ton. In effect, one proton has been gained • 
and one neutron has, been lo^t, Now there 
are 91 protons and 143 -nfeutrons. The 
,weigh1;-is btill 234, but since the number of 
protons h^s been changed, the nature of* 

"the etem^nt &as been changed^ and is now 
an atom of pro'tactinium 234.J 

2.65d Protactinium 234 also* emits a 
beta particle so 1 proton is ad*ed, and 1 
neutron is subtracted,' leaving 92 proton# 
and 142 neutrons. Its weight is 2^4, but 
the element is, of course, again ur:^nium 
because it now has 92 protons. 

2-65e Uranium 234^emits an alpha -par- 
ticle, 2 rfeutrons and 2 protons are sub- 
tracted, leaving 230 particles in the nu- * 
cleus. Since the number of protonsis back 

*to 90, the element is now thorium25^d. 

2.65f Tiiorium 230 emits an alpha jJarti- ^ 
61e. Subtract 2 protons and 2 neutrons. 1^; . 

^now hasua^eight of 226, and since it has 
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Figure 2.64>-The decay chain ^Htmranium atom. 
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Figure '2.66b^Concept of a neutron changing into a 
proton by fitting a beta particle. 

On " 



only 88 protons in the ^nucleus, it is. the 
element.radium. 

2.65g Radium emits an alpha particle, 
so 5. neutrons and 2 protpn's^ are lost leav- 
ing 86 protons and 136 neutrons. Our ele- 
ment is now radon 222 which is a gas. 
• l65h Radon 222 emits . an alpha i)arti- 
cle, leaving 84 protons aftd 134 neutrons. 
A^aiit a different element \s forined— po- 
lonium 218. 
2;65i Polonium emits an alpha particle, 

./which leaves 32 protons and 132 neutrons, 
and is lead 214. ' 
V 2.65j Lead 214 emits-§ bgta'^'particle 
yfhxch increases the number #^^r<^tons by 
1 and decreases the number *o? neutrons, 

^ by 1, leaving ?3 protons and 131;neutrons. 

f This forms bismuth 214. 

" , 2.66k Bismuth 214 emits a beta particle 
which adds 1 proton an'd subtracts 1 neu-. 
tron, leaving 84 protons and 130 neutrons. 
^This is polonium^ 214. , • 

2.661 Polonium 214 emits an alpha par- 
ticle which takes away 2 neutrons and 2 
protons, leaving 82 protons and 128 neu- 
. trons for a mass of 210, and the element is 

y lead 210. 

^ -2.661X1 Lead 210 emits a bet^^article, 
leaving 83 protons and \12:Tneutrons, 
which now becomes bismuth 210. 

2.66n Bismuth 210 emits a beta particle 
which adds a proton and subtracts a neu- 
tron, leaving 84 protons and 126. neutrons. 
This is polonium 210. 

2,66o Polonium 210 emits an alpha, 
which leaves 82 protons arid 124 neutrons. 
The total weight is 2^6; the element is lead 
206. 

2.66p Lead 206 is stable and not radio- 
active, therefore, this is "the end of the 
line'^\ 

2.66 Well, that^s fine, and all very inter- 
esting^ and accounts for heta and alphj^ 
radiation, but what about gamma radia- 
tion? Where does that come fromZ As we 
saw in paragraph 2.61, gamma "radiation 
originates wh.en. the discharge of one of 
these particles from a nucleusMoer not 
take sufficient energy along with it to 
leave the nucleus^ in quite a contented 
state* If the. particle leaving the nucleus 



does not take with it all of the energy that 
the atom would like to get rid of in this 
particular disintegration, it throws off 
some of the energy in the form of gamma 
- radiation. Therefore gamma radiation can 
be given off by many radioactive materials 
in addition to^the beta or alpha radiation. 

2.67 The foregoing makes it clear why 
gamma radiation occurs and can therefore 
be detected from a radium dial wrist 
watch'or from uranium* ore by a prospec- 
tor. Both radium and uranium are pure ' 
alpha emitters, but as time pasjses the 
decay process goes on and'^forms daughter 
products in the radium and uranium. It is 
from the decay of these various radioac- 
tive "daughter products^'that the gamma 
radiation is given off. Pure radium or ura- 
nium, freshly prepared, represents only an 
alpha hazard and could safely be handled 
with the bare hands as far as external 
hazard is concerned. (Handling it with the 
bare hands is^ not a good'ldea because of 
the possibility of, introjiucing some radium 
into the body by t^isnneans and, besides, 
heavy metals are toxic.) After the passage 
. of time, however, the daughter products 
start to build up and alpha, bet a,^ and 
gamma radiation are* all being ^ven off 
from the ij^adiuifi and its associated daugh- 
ters. 

' iNTERAaiON Of RADIATION WITH 
MATTER 

NOTE 

The important thing to remember 
about nuclear radiation is that it is a 
''shooting out** of particles or Bits^of 
energy, some large, some sthM; some 
fast, some slow; some weak, "some pow- 
erful. Since everything contains at- 
oms — including our bones, skin, and 
organs, of course — these particles 
strike the atoms toith force, the amount 
depending on the kind of particle, and 
Qtker factors. Actually, since the atom 
is, aS'We 'have seen, made up of an 
extremely compact core and shells of 
electro7i(8), these electrons^ bear the 

brunt of. the hammering gisien^ out 

when the atom is struck .by particles. 
As will be seen, the electrons react to^ 
this hammering in various ways. This 
has great significance to the study of 



mdidtion safetu and the effects of ror - 
dxntipn on the body, as you will, dis- 
cover later. 

2.68 Alpha particles lose* their energy 
rapidly and hence- have a limited raYige, 
only about 6 or 7 centimeters in air, and 
are completely stopped by a shieet of pa- 
Jer. 3?^en the alpha particle Is stopped, 
stabilized^ or reaches ground state, it has 
, pickei|J up two electrons which are availa- 
.T)le in. $pace thus, making it a neutral he- 
lium.atom. The loss of energy by the alpha 
paricle as it. traverses spac^ is due to its 
high s/pecific ionization, i,e., the number of 
ion pairs produced per .centimeter of path. 
Each ionization^ event in air requires 
abput 32-36 ELECTRON VOLTS per ion 
pairproauced. The unit electron volt is the 
amount of energy acquired by a unit 
charge of electricity when the charge 
moves through , a potential difference of 
one volt. For example, if an electron^ 
' sbouia start at a potential of zero yplts 
and be accelerated to a point .haying a 
pbtejQtial of 32 volts, it would acquire an 
enei^gy equivalent to 32 electron volts' An 
electron yplt is a very sn^ all amount of 
^efrgy* Mpre commd^ terms are thousand 
electron volts (keVI, and million electron 
. < y6lts;(MeV). ^ "^^'^ 

2S? The high specific ionisfatioji of ^al- 
jplia pai^cres, ;^0#^ per 
^cimtimeter of air traversed, is due ta sev- 
e^t factors. alpha is a relatively 

laige particle ^aiid has a high positive 
. charge; hence it will not only .coilide* wdth 
;^o|)ier matter, but there'll! fee^fr^queht ' 
:|'l^§T^i*QsMtic .in with the elec- 

^ Mtlonir^dnW energy By liter- 

Mir Imi^kmg an electron from, its orbit , 

ot ^i:^^^ ener^ to the 
atom b^; merely dispiaq^^ fypm 
their jlpmal^prb^^ is^l^^onh eitftting ih§m 
p6m the atom^^^ figure 2i69 . . 

shpwst^^^^ ^n Excited 

;;,yatpm);an^^^^ ^ ^ 

/^""2;7i>" Itf^ 
^ Mv^fy charffed^ i^^^ pai^icle is atlso ^ 

■ ;f;;^ cpAi^iratlyel^^ aiid V ic^.amiiig in * 
r ' . the^yid^^ fetpms zn its patfi, ti^ 
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Figure 2.69^BxciUtion «nd ionization by an alpha 
particle. 

is a greater probability of ionizing them. 
With this loss of energy there is a reduc- 
tion in speed and hence_ a steadily insCreas- 
ing amount of ionization, at first slowly 
and then more rapidly, reaching a onaxi * 

- mum and then dropping sharply almost to 
zero. Figure 2.70 is a representative curve 
for the specific -ionization of alpha parti- 
cles. The range, and specific ionization var-.. 
ies^spme^hat for different radioactive iso-^ 

' topes due to variation in the energy .with 
which the alp^ia particle is ejected, 4.0 
MeVto ia.6 Mey. However, all alpha parti- 
cles: emittedSii a specific nuclear reaction 
have essehtially^ the saxne energy, and so 
the ^same range, ^ ^ 

2.71 The beta particle does not lo^e its 
en^rgy^as rapidly as the^alpha paiJticlfe^ 
This is duci tb th^, facst th^t it is a ve;y 
srruill particle,, jtasjaa^f charge than the 
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Figure 2.70-l-Sp«c{fic ionization of alpha.particlea, . 
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alpha jw^tii^, and is inoVihg at a higher * 
rot^oj^tp^ An alpha* particle, because of 
its relatiVelyr heavy weight,^ is not easily 
c^eflected aiid tends to travel in a straight 
th ciusingiia high degree of ionization. A 
hfeta particle,, being lightweight is easily 
"bounded around in any material. Ther^- * 
fdre>. its iange in terms bf^ dists^nce from 
the pomt of origin to the point where it^ 
finaily ^ssociatea ifself with an atom may 
yary QohsideraMy. The actual distance 
traveled, by the beta particle ^also varies to 
a considerable extent but not as much as 
the measurement from the point of origin 
tq the point where complete -loss of excess 
. energy occurs. Unlike alpha, the beta par- 
ticles emitted by any given nucleus have a 
range of velocities and only mean^or maxi- 
mum energies^ can be assignied to primary 
betV particieB^ Tables almost invariably 
8^6w maximum energies. 
. 2.72^. The range- of velocities for beta 
pa'rtides range| to 99 per- 

^/Centdf ihe speed of lights with correspond- 
ing energy variations from 0.d25 MeV to 
MesY with a majority of them being in 
.the, yfciiaity of 1 MeV. The range of the 
beta particle is proportional to its energy. 
Therefore, a 3 MeV beta particle will 
tii^aveLfiirther than a 1 MeV. beta particle. 
. 2Jl^ Sange is ofily approximately in- 
' yerseiy proportional to .the density of the 
absorbing materiaKtbrough which it 
passes, i.e., the more dense, the higher the 
•Z number, the. more effective that mate- 
rial^wlLljein >s^ particles. BCow- 

evjer, pecausevof of X-rays 

wJieil be.ta^:particTes react witfi Hijgh Z 
'^nUiriber'.mate^ low Z-iiumber mate-- 
^^1t^^^^Bhch M alunlinum, glass alid plastics , 
: |[reM6rin r 
. " 2iT4 
ticles!^^ 

. 'CeritiAeter in^^^^^ Va^i^ng leiccprding to! the 
enerfffi>f^^ density 
rj^f atsbrbiri^ l*he range of « 

,^beta pa;rticles:in be" several ,liie-r 

ters/ Thus,. cpmpat<eid tq the fewrcentime- 
tet tkri^ of alpjiairil^ir, beta ^as a Iblig 
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FIGTOE 2.74w— Characteristics of nuclear radiation. 

rapidly as either alpha or beta particles* 
Gamma rays or photons produce no direct 
ionization by coHision as alpha and beta 
because gamma rays have no mass. They 
are absorbed or Ipse their energy by three 
processes known as the PHOTOeLeC- , , 
TRIG EFFECT, the GOMPTON EFFECT, 
and PAIR PEODUGTION. 

2.76 5amma rays are highly penetfat- 
ing, theii: effective range depending on 
>their energy. The effect of air on a gamma 
ray is so small that it is. not practical to 
measure the range of gamma raoliation in 
tennk of inches, feet, or meters, ^but its 
penetrating powel: is measured in terms of 
the amount of material ^that will be re- 
quired to reduce the gamm^ ray to some ^ 
fraction of its original value. 

2.77 As a gamma ray or photon passes 
through an atom it may transfer all pf its 
energy to an orbital electron ejecting it 



' iCJamma ra^ 
\ Ucleif have no fhaisf trave,laf the speed of 
*' ' *^H\it(kf^^ as 
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Figure 2.76^Pci\ctratidn^absorption of nuclear 
' radiation.' 
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iromjthe atom. Ifthe photon carries more 
ehergjrth^n Jiecessry to remove the elec- 
trolxfrom its orbit, this excess energy can 
be.!transferred to the electron in the form 

. M lfihetic energy. Figure 2.77 shows elec- 
trons ejected Jh this mariner* These are 
referriea to as PHOTOELECTRONS, and 
the process by which this transfer of en- 
ergy was acc^omplished is known as the 

/PHOTOJBLEGTRIC EFFECT. Since the 
orbital electron in this Case has completely 
absorbed the .energy of the gaftima ray, 
the photon disappears. The photoelectron 
will ultimately lose its energy through the 
formation of ion pairs. The photoelectric 
effect generally occurs witlf low energy 
gamma photons of approximately one- 
tenth MeV or less. 



ate gamma photons of approximately one- 
tenth to one MeV. 




FlGUim 2.77>^Ab8orptioh of gtmma radiation by the 

; 2;78: 

\ :^omp^^^ enfergy of ' the 

gamrha ray; ray los^k a part qf 

"it? energy^ t^^^^^ free prrloosely. bqund or-. 

: bitRl>e|e^t^^ will continue as a scatr 

tertigamlna ph^ of iowjer energy, the 
energy J^f^^this^fkqtb^ differ- 
frtc^jmorig^^ of 
iitff^gj/ t^^ to the eleciroii. The 

;gairin[i|t piiQtbxi reaQting- w brbitai^^ 
electron adiiH^^ it^had niass siiice 
it cauifes the electron to i)e ejected with 
high eherinr and a Ipwei^ energy phdton 
reb6uh4| a^^ Single. Both the eject^n 
which IS i*jed;6d angle to the p^th of 
thfe original; jfamtt^^^ photon and the laWer' 
gaigma pJmtE^^ ^igat- 
tered at an angle may cause fjTrther ioni- 
zation. Figure %7S ihoWs the.Compton 
effect. ,Tfi|< Effect occur* with intermedin 
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Figure 2.78r-Ab8orptibn of gamma radiation by the 
Coiripton effect. 

2.79 PAIR PRODUCTION occurs only 
with high-energy gamma rays. In this 
process, as the photon approaches the nu- 
cleus of the absorbing atom, it completely 
converts itself into a pair of electrons. One 
of these is called a NEGATRON but ac- 
tually is an ordinary electron with a nega- 
tive, cha^rge. The other particle which has 
exactly^the same mass as the negatron 
(eiectrpn) but carries a. positive charge 
rather fhaii a negative chaige is laiown as 
a POSITRON arid ii designated by: the. 
symbol e4-. This process requiries gamma 
'rays with a Ininimum energy of 1.02 ileV, 
andiat eneigy levels above this the possi- 
bility of this interaction increases. Figure 
2.79 is a. diagram of this, reaction. . 
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FIGURE 2,79>-Ab8orption of gumma radiation by pair 
prckfactiph. * ^ 
2.80 ijnergy in :exce8s of 1.0? MeV is 
shared by th^^neiaVpn-posittOTi pair in 
the fqrm of Icirietic ener^. T*he positron 
usually acquires spmewhat more energy 
than the' liegatrpn/ Thit^^proce8$ is, oftfih 
usj^ji ag m eo^ampl^. of EHstMn's mass- 
energy ^iheortfi^ «^c?, see;,ijaTagraph^2;5), 
sirtc^it is an exalnple of the c^^^ of ) 
matter ^ij^e: pair of electrons) put of pure 
energy (the gamma\ray)4|:^ha? been found 



that the mass of one electron is equal to 
0,51 MeV* Since the pair production proc- 
ess involves the conversion of energy to a 
negatron-positron pair, the energy re- 
quired' must be at least two times the 
energy equivalent of one electron, 0.51 
MeV, Any energy in the photon that is in 
excess of 1.02 MeV causes the ejected par- 
ticles to have. greater kinetic energy. The 
^iiegatron is now equal to the beta particle, 
usually a very energetic beta particle, and 
wiU react and be stabilized in the same 
manner as previously explained. The posi- 
tron has an extremely short life, which is 
end^d by cpmbining with an electron. 
However, befpre this happens it will caus^ 
ionization of other atoms. When the posi- 
tron does join an electron they uie-irfinihi- 
Jated with the production of two gamma 
photons of 0.51 MeV each, which eventu- 
ally will be absorbed by Compton or pho- 
toelectric effect. 

curies; AND ROENTGENS 

' . To, be' effective in your radiological 
defense work, you must get a firm 
k?^sp on the yravs radiation is meas- 

- ' uTf4d[v "Radiatbn^^ "distance" is a' 
* gfenerat cra Ybu would bav6^ 
:W<Balt understandi of distance if you. 
: were vag^ about *^foot'\ "inth'', 
^*mile''. "kilometer'', ^^light year'' and 
the other wkj^s by which distance is 
.measured. The same is true for radiar 
tion. ^ , 

2.81 The CUHIEYCi) is the unit used to 
measure the ttctivity of all radioactive sub- 
stances. It IS a measurement of rate bf^ 
/decay or, nuclear disintegration tha.t oc- 
curs within the radipactive material. The 
6urie ifiitially established the, activity 
(that is, ihe decay rate) of radium as the 
standard' with whic^i the activity of any 
pthef'suistaric^ compare^d. 
.,2v82 By usingra^formula that takes intp 
. account the number pf atoms per gram 
and the value of the'half-Iife in seconds, 
scientists .have determined that tlie activ- 
ity of radium, ia.equal to 3.7^ 10^® nuclear 
disintegrations per rgr^m: per se6ondv,This 

alueisjtxoai!^ otcjtmip|m= 

.s5n. A curie qf any radioactive isdtope. 



therefore, is the anufti^ofthaf isotope that 
wilLvroduce S.7 xiO^^nuclear disintegra- 
tioOT per second.. Since the measure is 
based on number of disintegrations, the 
weight of the radioisotope will vary from 
that of radium. A curie of pure Co*^ would 
weigh less than 0.9 milligrams, w|jile a 
curie of U*^ would require over two metric 
tons. The curie is a relatively large unit. 
In training, a millicurie, mCi (onerthou- 
san'dth curie) and the miclrocurie, MCi 
(one-millionth curie) are common units in 
use. At the opposite extreme, tlie curie is 
too smajl.a unit for convenient measure- 
ment of the high -order activity produced 
by a nuclear explosion. For this purpose, 
the megacurie (one million curies) is used. 

2.83 The ROENTGEN (R) by definition 
measures exposure to gamma and X-rays. 
It is an expresjsion of the ability, of gamma 
or X-ray radiation to ionize air. One R will 
produce 2.083 x 1&« ion pairs per cubic cen- 
timeter of air or 1.61 x 10^^ pairs per 
gram of air. (See Par 4.13 for a more 
complete digciussion.) 

The curie measures radioactivity. 
. The roentgen measures X or gamma 

radiation. 
' * • ^ • 
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EFFECTS OF NUCLEAR WEAPONS 



After, x>ur introduction to the langruage 
of nuclear physics, we are ready to use 
some of these terms in arriving at an 
understanding of a nuclear detonation and 
a knowIedfS^what can be expected from 
a nuclear detonation. Tljis is our primary 
objective anti in reachiri|^ it, we will also 
cover: 

WHAT is a chain reaction 
WHEN does-it occur 
. HOW is it like a chfemical explosion 
HOW is it different 
WHAT is fission and fusion 
HOW a nuclear weapon works 

WHAT are the* effects of a nuclear 

explosion 
WHAT is fallout 

FAMILIARITY BREEDS CONTROL 

3.1 .During World War II many large 
cities in England, Germany, and Japan 
were subjectld^^o terrific attacks by high- 
explosive and incendiary bombs. Befoi*e 
the war, it was fully expected that such 
attacks would cause great panic among 
the civilian residents of bombed cities. Ob- 
servations during the attacks and subse- 
' qugnt detailed studies, ^however, fail to 
bear out this expectation. The studies 
showed that when proper steps were taken, 
for the protection of the civilian popula- 
tion and for the restoration of services 
after the bombing, there was little, if any, 
evidence of panic. In fact, when such'- 
measures are taken, the studies showed 
that there was a definite 'decline in overt ^ 
fear reactions as the air bombings contin- 
ued, even when the raids become heavier 
and more destructive, ' _ _ 

3.2 The history of nuclear defense maj? 



be said to have started with the explosion 
of the two tombs over Japan in August, 
1945. 

These, the first and only nuclear weap- 

Js ever used agafnst an enemy, caused 
precedented casualties. Many of these 
staalties could have been*l)revented if 
are had been sufficient warnings to per- 
«iit clearing the streets, and if the people 
of Hiroshima and Nagasaki had 'known 
what to expect and what to' do. For exam- 
ple, only 400 people out of a population of 
almost a quarter of a million were inside 
the excellent tunnel shelters at Nagasaki^ 
that could well have protected 75,000 peo- 
ple. ' ^> 

3.3 Information accumulated at Alamo- 
gordo, Hiroshima, Nagasaki, Bikini, En- 
iewetok, and Nevada, as well fas experi- 
ence gained from other types of warfare,, 
has contributed to the store of defensive 
knowledge. From this knowledge, mkthods 
of coping with a nuclear weapon attack 
have been, and are being devised/ 

NUCLEAR WEAPON DETONATION VS. 
HIGHtxrtOSIVE DETONATION 

3.4 The nuclear bomb was designed as 
a blast weapon. Therefore, although im- 
mensely more powerful, it resembles 
bombs of^h^^cdnventional type, insofar as 
its destructive effect is due mainly to* the 
blast or shock that follows the detonation. 
However, guclear detonations do differ 
from "conventional -detonations in fpur im- 
portant respects: 

Frnt-^a^ fairly large amount of the 
energy from a nuclear detonation is 
emitted as THERMAL RADIATION, 
generally referred to as LIGHT and 
HEAT; 

— — S^eonei— the explosion^s accompanied 
by highly-penetrating, harmful but IN- 
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^ / , . VISIBLE NUCLEAR RADIATIONS; ^ 
* . fhirdr-ihe nuclear reaction PEOD- 
TIC?rS,. which remain after the detona- 
tion, are E AD lOACTJVE,, emitting ra- 
Bianoni^ capable of producing , harmful 
(consequences ih living prganisms? 
Foi^rtfer^huclear explosions can be 
mahy thousands (or millions) of times 
more powerful than the largest conven- 
tional .detonations. 

: v|«tM^^ A CHEMICAL 

f ^P^ONATiOK 

* 8*5 iBefore the discovery of how nuclear 
energy could be ;releaSed for destructive 
: purposes, the explosive material in bombs 
of th? type in general use, often referred 
y to rBS conventional bombs, consisted 
^ - Jargdy of atom$ of the elements jcarbon, 
nitrogen, hydrogen, and oxygen, in TNT 
(trinitrotoluene) or of a related chemical 
, materiaL These explosive substances are 
tih^!t.al)le irt nature, and are easily broken 
up inio mi^ore stable molecules. This proc- 
; ess; is associated with the liberation of a 
teiatively large amount of energy, mainly 
' ; as be^^^^ the^ decomposition of a few 
; V: moleculeg of TNT is initiated, Ijy means of 
j k suitable detonator, the resulting shock 
causei^ still more mdlecules to decompose. 
- ^ As^^ result, the oVeil'all rate a^t which TNT 
r ' Wblecuie.s |)reak u^ isTery high. This type 
of behavior is ch^ many ex-* 

plosions, the prdopss being accompanied 
: by the libiirj^tion of a large: quantity of 
' ,,energ:y. in a short period ;of time* 
;y jwithiii a limij;ed space; 

- 3;6 Tjie products of the deeompbsition 

* of conVentidnSftl 1^ mainly ni- 
7 1;rogen and :6x^^^^ of nitrogen, 03tfdes of 

: 7 carbdh>; w^^ vapor, and solids, notably 
Carbon, which ^eie^dily dissipated in the 
^BUrtoun Therefore, tlie sub- 

jstances reriistihing after the explosion do 
no' more harin. tha^ Flpisondus carbon 
, jmohpsSi^^ preseni'in th^ exhaust gas€f& 
: ^^heh automo^^ airplane engines are 

• operated in ^th^ 

\. ;8.7 W^th alponventional explosive the 
chemic.al inojiec^ the various 

s^o^etinies referred to as yalence bon4s. 
When^^ molecyies nndetgq decpmposi- 
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tion, there is a rearrangement of the at- 
oms, and there is a change in the charac- 
ter of the valence bonrfs. As stated above,' 
a chemical explosive is-an unstable com- 
pound, and in it the walence forces are 
relatively weak. In the molecule's of the 
decomposition products, however, the 
same atoms are bound more strongly. It is 
a law.of physics that the conversion of any r 
system in which the .constituents* are he^- 
together by weak, forces into-^^ne in' which 
the forces are stronger, must be accom- 
panied by the release of energy. Conse- 
quently, the decomposition of in unstable , 
chemical explosive results in the libera- 
tion of energy.. 

PRINCIPLES OF NUCLEAR DETONATIONS 

3.8 An atomic or nuclear explosion, re-, 
sembles chemical explosions in the respect 
that it is due to the rapid release of a large 
amount of energy. But the difference lies 
in the fact that in t\ie nuclear explosion, 
the energy results from rearrangement 
within the central portion, or nucleus of 
the atom, rather than among the atoms 
themselves as in a chemical explosion. 
Since the forces existing between the pro- 
tons and neutrpns in, the nucleus are much 
greater than tlie forces between the atoms 
in a molecule of chemical explosive mate- 
rial, energy changes, accpmpj^nying nu- 
clear rearrangements are very much 
^eat;er than those associated with chemi- 
calreactions. 

/3.&' Tne , basic requi)remeht tor energy 
release is that the total mass of the' inter- 
acting species should be greater than that 
of the resultant product (or products) of 
the reaction. As we saw in Gha^r II, 
there is a definite equivalence between 
mass and qriergy. Thus, when a decrease 
0^ mass occurs in a nuclear reaction, there 
is^ an accompanying release of a certain 
arftount of eifergy related to the decrease 
in mass. In addition to Jthe necessity for 
the nuclear procjesscfto be one in which 
there is si net decrease in mass, the release 
of nuclear energy \n„ amounts sufficient to 
cause an explosion requires that tHe reac- 
tion should be Bible tq reproduce itself once 
if h[as been started. Two types of nuclear 

-If--,,',' ■.. ■ 
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• - FUSION 

- ftouRE 3.9'--^f588ion and fusion. ^ 

* \ ^ . " . 

interaqtioris which' can meet the require- 
ments for the prod uction of large amounts 
of energy in a short tim^e are FISSION and 
FIJSJON. The fission process takes place 
Witfr ioirie of Jthe Tieayiest nuclei fhigh 
atdinic ftumbjftr), whereas the fusion prpc- 
ess involves s(Jb lightest nuclei 

(low atomic number). (See Figure 3.9.) 

'340 > The fissile materials which can 
pre^eritly be used to produce nuclear eX- 
plo^siqils ate the -uranium isotopes ti*^i 
^J"^ and the plutoniuni isotoiie Pu^^*. 
'W^^n a^^neut^on entet^^ tjie nucleus ^6f the 
4gpiQI)ri.ate a^ the ilucleus spliti tfls- 
sfpns)>into two daughter nudei and two to 
threeiieutrons (Eigure^3,l6). PprU^rU*^, 
, and Eu??^' unlike ^t^ is 
np4pW,^^r liniit:for the kinetic energy that a 
n^J^tron must possess t0 (3nable it td cause 
fission oh capture by a nudeus of any. of ^ 
th6se 'three isotopes. Fpr this greagon, 
thea^e JsotPpes are called fi materials, 
and only <fchese th^^ of practical sigr 
niiRcance; vih t^e case of a npnfissile nti- 
cleua^ the energy of tlie incident neutron 
ih^ft .exceed .a x threshold value t.o 

6irfable it t6 cause or capture'. The 

threshold values fpr and.Th^^^ (Thor- 



ium 282) are nearly 0.9 MeV andl'l'^eV- 
respectiV^ely. Generally speaking, any 
heavy pudeus can undergo fission if the 
§:icitation energy is large enough^ e.g., 
fission of gold joccurs with neutrons of 
about 100 MeV energy. 

• FISSION nuLcNT ' 
^ RssiOK nwoMorr 




FlGUR? S.IOA-Fission of uranium 235 produces 
neutrons. 

FISSION CHAIN REAaiON . 

'I 

3.11 Ih addition to the large amount of 
energy xeieased in nuclear fission, the sec- 
ohd important fact, which has made possi- 
ble the production, of an^explosipn as a 
, rejsult of fission, is that the process is 
accompanied by^ the release of two or more 
NEUTRONS OFiirure 3.10).. The neutrons 
thus liberated ^in the fission process, are, 
able^o cause the fission of other uranium. 
pi pluto^ijuni nucleic Ih each case ;tr^pre 
neul^roh^ are released^ which qan 
furyfier fission> and sp o^.'lience, a single 
neutron could start a self-sustained^ <Jh^in, 
of fissions^ the number of nuclei involye4 
increasiijg. at a tremendous rate. 



3.12 Actually^ not all the neutrons lib- 
erated in the fission process are available 
for causing niore-fissiohs. Sbnie of these 
neutrons escape and pthers are lost iii 
non-fission r^btipns. It wHl be assuified, 
however, for simplidty, thatjfor each ura- 
nium (or Plutonium) nugteus undergoing 
fission, there are two neutrons prodfticied 
capable of initia|;ing further ^ssion. Sup- 
poS:e a single neutron' is ^captured by h 
fiucieus in a quantity of uranium, so that 
fission occurs. Two neutrons are then lib- 



* A M|Mutt*tn6(rch«Jn re«ctfort In put^ V*^ or puJ^ Tb" or natural 
urimlum U hot possible. ' 



' ^^rated aiid^the^ nuclei to 

^hSergd fission. TKi^result'sih the produc-4 
> tipii;:Qf four neutrons a vail able, for "gs- 
si6n. The fissions increase hy geometric 

- proj^re'sjsion (I,2,4,8,i6;32,64,i28,256,. 
/ 5X2,1624,2048,40916,. aiid's the 

- ,;Ji'^ightyrfirst step of this process, we have 

'2^ x%0^^ f^^ to fission a kilq- 

',yg^ uranium. The time re- 

' fty seconds.. As 

you. dan. see^ this tremendous activity 
takes place almost ins^^^ thus 
producing,:ah explosiye^ireaction. 
. . Sii3 , The -actual loss, oif mass in the fis- 
sion of uranium or piutonium is, only about 
, pne-teilth of a percent of the total. That is, 
if ^11 the atomic nuclei in one pound of^ 
V uranium or piutonium undergo fission, the 
^ decrease of nk(^s would be roughly five- 
. tenths of a gram or one-sixtieth part of an 
ounce. Nevertheless, Jhe amount of energy 
released by the. disappearance of this 
quantity of n^iatter would be about the 
same as that produced by th|i explosion of 
; , 8,000 tons of TNT. ' 

; ciMTrtAtsiz^ fission 

3.14. When a piece of fissile material is 
below a certain size, a few of the atoms are 
^ / continually undergoing fission, 'but more 
\ neutrons escape through its surfac^ than 
\ sir^^^ ii> fiission, and an increasing 

/ ch^in of fissions is not built up. Such a 
m^ss is called SUBCRIIMCAL! On the 
^ othkv Txand, when a mass (in a given 
shape) is just great enough* to support a 
sus|airiihg chain reaction, it is called a 
* CRITICAL mass. As we can readily $ee, 




ACTlVt MMl«aC 



(BEFORE DETONATION) 



FlGURB:3.14.-T-Tainper 

then, if several pieces of fissile material, 
totalling more than the critical amount, 
are suddenly brought together inside a 
strong container or TAMPER (see Figure 
3.14) a nuclear detonation results. 

What constitues a CRITICAL mass de- 
pends upon a number of factors, including 
the density of the material (whether solid 
metal pr in porous, spongy form); and also 
up^n the nature of the TAMPER and 
whether it absorbs neutrons or can reflect 
f hem back into the fissile charge. 

3.15 Published information suggests 
that an uncpnfined spheire of U^^ metal of. 
about 6V2 inches diameter and Weighing ^ 
about 48 kilograms woujd be a' critical 
amount; this woyld be reduced to about 
4 V2 inches , diameter (16 fcg.) for a^IJ^^* 
sphere encl^bsed jn aheav^tamper (Figure 
3.14). The'; critical sizes for U^.^ and Pu^« 
have not been disclosed. The increasing 
mechanical complication of bringing to- 
gether, rapidly and simultaneously, a 
number of subcritical pieces pf.fissile ma- 
tetial,,.sets ^i pr.actieal limit to the power of 
nuclear fission weapons. Another impor- 
tant consideration is that the size of a 
purely fission-type bomb is limited be-, 
cause, above a ceirtain . critical size, a lump^ 
of fissile material is s^f destructive. 

, (AFT^R OETONAtlON) 
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Figure S.iaa. -^Implosion principle. 





Figure 3,16b^un assembly principle. 



3.16 As w6 have seen, subcritical majs- 
ses or pieces of fissile material/ wiien 
brought tbgether rapidly can, under 
proper conditions, cause a chain reaction 
and subsequent explosion. As a very nec- 
essary safety precaution, it is obvious that 
the masses of fissionable material present 
in a nucjear boiiab must be kept htbcritical 
^XTitii time for the bpitib to be detonated. 
Md when that time arrives, the suberiti- 
cal^niasses mitist form a supercritical mass 
iristantaheously. Oiie way of producing a 
supercritical mass is. by forcing two or 
more subcritical m together. Another 
Way is to squeeze a. subcritical mass 
tilfhtly into a hew 0hape airiS/dV a gr6afer 
density/ Such a thiass becomes supercriti- 
cal Without th^ any in ore sub- 
stahde/^Phis iatte^^ first used in a 
cradHpnft in tih^^ 

the implosion principle (Figure 3.16a). In 
thii bomb, a given amount bf fissile mate- 
rialrs^ubcriticai in the ^orm of a thifi spher- 
ical shelf; beqam^ critical When com- 
pressed^ into a solid; sphere^ This cpmpr^s- 
slon W4* Tbfi^qu||it a^^^ firing specially 
fabricated shapek otofdmsLTj/r high explo- 
sive Arranged Spherically on jbBe outgide 
surface 6f ti&te sphei^et When the 

explo^it^ Ts detonaf;ed, the ina^s is com- 
jpr^sed> immediateV^^ 
cai^ahd' the ^itoif^ ialces place. 

The other ineihcd'^wsLS^ used With^he Hiro- 
'^Wma^^^^ iiiasses, en- 

cltfsed^^^ sdmethfhg like a guh b^^ were 
imp^pd a^^^ other by the action 

of regulif chemical explosive* (Figure 



FISSION AND FUSION . . . AND 
THERMONUCLEAR WEAPONS 

3.17 A fission explosion produce^ — 
briefly and in a sm^ll space^-rintensities of 
light and heat cdmparable to those in the 
sun. A fusion explosion does stitl more: it- 
duplicat^s^a .part of the actual process by 
which the sun and other stars' produce 
their light and heat. This projcess is not a 
chemical burning rieaction. It is a nuclear,, 
fusion i»eactioi> in which four nuclei of 
siinpje hydrol^en ,hecome one nuclells. of 
stable helium^ with a conversion of mass 
to radiant energy. Through^ this process 
our sun, every second, loses about 4 to 6 
million tons of i^aatter, radiated^ffs energy^ 
Frpm exiperiments made .in laboratories 
with cyclotrons andrSimilar devices, it was 
concluded ^hat man could partially duplir 
c^te the process of the sun, by the fusion 
of isotopes of hydrogen. 5Phis element is 
kn,pwn tg exist in three isptppic* forms in 
which the nuclei have inasses of i, 2, and 
3, respectively. These are ^erteraUy re- 
ferred to as hydrogen (HO, deuterium (H^ 
pr P%^nd trdiinm (H« or T% Several, dif- 
ferent 'fusion, reactions have ^eea ob- 
served among the nuclei of :the three . hy- 
drogen isotopeV, involving either twotsimi-^'^ 
lar or two differerit nuclei. In arder to 
make, thpse^eactions occur to an apprecia^ ' 
ble exteht, the nuclei must, have high 
energies, pjae way ini which this energy 
can be supplied is^y me^^ 
particle ac^eleratojr, such as. a cyclotron, 
8,8 mentioned earlie^. ^^nother possibility 
is to raise *th^ :temper^^^ to * very hi^h 



leyels* In these circuin^stiinces^ the fusion 
processes are-^referred to as ''thermonu- 
clear reactions"/ " ' ^ 

SVIS Temj)eratures of the order of a 
millipii .dee^e^ in order to 

.maice 'the nuclea:^ fusion reactions take 
/place: i4ie\6jily to which such 

tempi^rature can b^vp&ta^^ oh earth is 
means of a jHssioil explosion. At temper- 
atu^les of miniori^^ degrees centigrade, 
:''atit)ihf are 5tripi)ed of most of their 3ur- 
x5unding:cl5ud 0^ el^ and the nuclei 
moV^ at?/very high speeds experiencing 
- many collisioivs' \^th ofte another. Under 
the^e cirqxHn3tances, the nuclei of the 
rarer hydrpgeh isotopes deuterium .ar|d 
trJtium have enx)Ugh energy of motion to 
overcom'e the repulsive forces between 
their single positive electrical charges and 
thejf are able to fuse together. The energy 
released in the fu^on of these two nuclei 
is about one-tive]tfth: of that jceleased in the 
fission of a ^single niucleys; but oii an 
equal weigktj basis, the f^Bion energy is 
. about threie tijtnes as larj^e as the energy of 
fission df ii^yThe^ actiial quantity^ of en- 
ergy |iberateH,^ a. given mass of#miate-' 
iAbI, depends on the paii;icular isptope (or 
•^sbtppes) iiivolved m the nuclear fusion 
::Teac%ri.^Four fusion xeacr 

tidnsVare noted feelow: 



:r ^-H^ -^He^ +n +3.25 MeV 

R\tm:^n\+R^ +4.03 Mev 

; . tH? -^He* +n +17.58 JVteV 
: ' , ; / +:H^-^^He^ +2n +11.32 MeV 

: whexej H^^^ symbol for helium and n 
'V^^';(mass ==^.1^^^ a neutron/ The en* 

^ j^eY^tUfeerate ckse is expressed iri^ 

^/Tnillion-elec^^^^ ^ 
' Used, alone, deute and trit- 

-dum^j as iso^^^^^ the gaseous element 
. hydrogen,: 
/ tloWrtempeta^^ there for 

. cpntaihih^^ in a thermonuclear device. 
^ '^iiislis in aHbough ijfc |ias been # 

^ *^-'-iar device tested in lw2 wai of this 
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Figure d.lO^^isslon-fusion reaction. 



type. In later weapons the deuterium is 
combined chemically with the metal lith- 
ium in the form of a white powder. Each 
neutron (1 mass unit) released l)y the trig- 
gering fission bomb splits a lithium atom 
(6 mass units) into the non-radioactive gas 
helium (4 mass units) and tritium (3 mass 
units), and the latter fuses with the deu- 
terium atoms present in. the compound 
(Figure 3.19). There is no limit, other than 
the convenience of delivery, to tl^e size of a 
fusion or thermonuclear weapon, and it is 
claiined that lithium deuteride is less 
costly than fissile materials, such as U^, 

3.^0 In considering .A;^eapon designs, it 
is possible also to have a fission-fusion- 
fission type weapon (Figure 3.20)* In the 
process of ftisioh, a ijeutrpn is released at 
a very high speed and it has enough eh- 
,ergy io split the cbmmoner atoms of lJ^?r 
A thermonuclear weapon can be designed 
with a core of fissile as:a fusion initia- 
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Figure 3.20^FUi8ton-fu$ion-iis8ion reaction. 
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tor encased in a heavy container of U"». 
Thi3 U»« casing will undergo fission from 
the high-speed neutrons produced in fhe 
hydrogen fusion detonation. Since the cas- 
ing might be many times'heavier than the 
fissile core of U^, correspondingly larger 
quantities of fission products would be re- 
leased as fallout from such a weapon. 

3.21 A much more detailed discussion 
of fission products will be taken up later in 
this chapter, but it might be mentioned 
here th^ all existing types of nuclear 
weapojii release fission products. "Diriy" 
bombd produce a' great deal and "clean" 
bom^ produce little, the dirtiness depend- 
ing upon the ratio of fission to fusion 
energy produced by the bomb. The divid- 
ing line between "clean" and "dirty" 
bombs is, thus, a matter of opinion, but the 
fission-fusion-fission type of weapon merf^ 

• tioned in paragraph 3.20 would be a rela- 
tively "dirty" one. • 

^ ENERGY YIELD OF A NUCLEAR 
EXPLOSION 

3.22 The power of a nuclear detonation 
IS expressed in terms of the total amount 
of energy released as compared with the 

• energy liberated by TNT when it explodes. 
A 1-kiloton nuclear detonation is one 
which releases energy equivalent to 1,000 
tons of TNT which is called the kiloton 
(KT). The advent of thermonuclear hydro- 

• gen bombs made it desirable to use a'unit 
about 1,000 times larger still, and the me- 
gaton (MT) unit was adopted. It is equiva- 
lent to the energy released by the detona- 
tion of 1,000,000 tons of TNT. The bombs ' 
detonated over Hiroshima and Nagasaki, 
and those used in the 1946 test at Bikini, 
released roughly the same amount of en- 
ergy's 20,000 tons (or 20 |cilotons) of TNT. 
In rtecent years, much more powet^ful 
weapons, with energy yields high in the 
megaton range, have been developed. 

DISTRIBUTION OF ENERGY 

3.23 Although the detonation of chemi- 
cal explosives, such as TNT, and the deto- 
nation of a nuclear weapon both produce 



^heat or thermal radiation, the proportion 
as well as- the quantity is much higher in 
the case of the nuclear weapon. The basic 
reason for this difference is that, weight 
for weight, the energy produced in a nu- 
clear explosion is millions of times as great 
as that in a chemical/ explosion. Conse- 
quently, the temperatures reached in the 
nuclear explosion are much higher than in 
a chemical explosion— tens of millions of 
degrees in a nuclear explosion compared 
with a few thousands m a chemical explo- 
sion. 

3.24 For a nuclear, detonation in the 
atmosphere below 100,000 feet, about 85 
percent of the total energy appears first as 
intense heat. As shown in Figure 3.24, 
almost imme^ately a considerable part of 
this, heat is converted to blast or shock; 
the remaining thermal energy moves radi- 
ally outward at the speed of light tls heat 
and visible light. The remaining 15 per- 
cent of the energy of the nuclear explosion 
IS released as various nuclear radiations. 
Of this, 5 percent constitutes the nuclear . 
radiation produced within a minute or so 
of explosion, whereas the final 10 percent 
of the bomb energy is in the form of resid- 
ual radiation emitted over a period of 
time. The residual radiation includes the 
FALLOUT we will discuss in later chap- 
ters. 

TYPES AND HEiGHTS OF NUCLEAR 
DETONATIONS ^ 

^3.25 As we have seen, an explosion is 
the release of a large quantity of energy in 
a short interval of time within a limited 




Figure 3.24r-D)8tribution of energy in » typical air 
burst of a fission weapon in air at an altitude below 
10,00<Xiept. 



space* The liberation of this energy is ac- 
coinpanied by a considerable increase in 
temperature, so that the products of the 
explosion become extremely hot .gases. 
JPnese gases, at high, temperature^ and 
pressure, move outward r^idly. In^doing 
so, they push away the surrounding me- 
dium — air, earth, or water — with great 
force, thus causing the destructive (blast 
or shofck) effects of the explosion. The term 
'"blast" is generally used for^the effect in 
air, because it resembles (and is accom- 
panied by) a very strong wind. In water or 
under the ground, however, the effect is 
referred to as "shock" because it is like a 
sudden impact. 

3.26 The immediate phenomena associ- 
ated with a nuclear explosion, as well as 
the effects of shock and blast, and thermal 
and nucjear radiation, vary with the loca- 
tion of the point of burst in relation to the 
surface of the earth. *For each weapon Q,f 
specific power, there is a critical height' of 

.burst above which -the fireball will ncA^ 
touch the ground and, hence, it will not 
produce .appreciable contamination on the 
earth's surface. Although many variations 
and intermediate situations can arise in 
practice, for descriptive purposes three 
types of bursts are distinguished. The 
main type^, which will be defined below, 
are air, surface, and sub-surface burst. 

CHARACTERISTICS OF AN AIR BURST 

3.27 An air burst (frequently the most 
efficient means of accomplishing a mili- 
tary objective, and the typ^ used^ over 
Japan) is defined as one in which the bomb 
is exploded in the air, above .land or water, . 
at such a height that the fireball (at maxi- 
mum brilliance) does not totich the sur- 
face. The aspects of an air burst will be- 
dependent upon the actual height of the 
explosion, as well as upon the energy yield 
of the weapon, but the general phenomena 
are much the same in all cases. " . 

3.28 In the following discussion, it will 
be supposed first, that the weapon detona- 
tion takes place in the air at a considera- 
ble height above the surface. The descrip- 
tions given here refer mainly to the phe- 
nomena accompanying the explosion of a 



1-megaton TNT equivalent nuclear bomb. 
The important aspects of a nuclear explo- 
sion in the air are summarized in Figures 
3.28a to 3.a§e. 



THE FIREBAU 

3.29 ^As already seen, nuclear reactions 
involving fission a/id fusion in a nuclear 
weapon lead to the liberation of a, large 

, .amount of energy in a very short period of 
time withia a limited space. As a result, 
the nuclear reaction products, bomb cas- 
, ing, other weapon parts, and surrounding 
air are raised to extremely high tempera- 
tures, approaching those in the center of 
the sun. Due to the'great heat produced by 
the nuclear explosion, all the materials 
are converted into the gaseous form. Since 
tlie gases, at t)ie instant of explosion, are 
restricted to the region occupied by the 
original constituents in the bomb, tremen- 
dous pressures will be produced. These 
pressures are many hundreds of thou- 
sands times the atiypspheric pressure,^ 
i.e., of the order of^illions of pounds per 
square inch. ^' 

3*30 Within a fraction of a second of the 
detonatio^ of tlie bomb, the intensely hot 
ga«ftgat extremely high pressure appear 
as arb^i^fj^ly 'spherical, highly luminous 
mass. This is the fireball referred to in 
paragraph 3.26. A typical fireball accompa- 
nying an air burst is shown in Pfgure 
3.28a. Although the brigl^^ss" uS^reases 
with time, after about a rkmigec^nd,^ the 
fireball of a 1-megaton nuclearoltob ejc- 
plosion would appear to an observer 60 
miles away to be many times as bright as 

• the sun at noon. ' * / 

3.31 As a general rule, the luminosity 
^of the ffreball does not vary greatly with 

the yield (or power)*of the bomb. The iur- 
Tace Jtemperatures attained, upon, which 
the teghtness .depends,, are thus not very 
different, in spite of differences in the 
total amounts of energy released^ * 

3.32 Irf^mediately after its formation, 
the fireball beg^ins to enlarge in. size, en- 
gulfing cooler surrounding air. The growth ^ 

'The normal atmotpherifc pretsure «t sea level ;ts 14.7 t>ounds per 
square inch (PSl). 

'A noillitecond is one^thousandth part of a second. * 



An shtfi of the fire()all is accompanied by a 
decrease in temperature (and pressuxe)^ 
and, hence, in^ luminosity. At t)ie same 
time, the fireball rises, much like a^ fiery 
doughnut. As it rises, there are lipcirafts 
through the center of the doughnut and* 
downdrafts on the outside. , " " ' 
3*33 Within seven-tenths- of a millise- 
cond from the detonation, the fireball from^ 
a 1-megaton bomb reaches a ridius o^ 



about 220 feet,"^nd this increases/. t%^£"^/pl 
^ maximum of about 3,600 feet in 10 seco^rfaj!! J/ J 

The diaiheter then some 7,200* feet ',and: \.:^^^^ 
the fireball is rising ;at the^rate of 250:^0- ' .^^01 
350 feet p^secpnd.'Otie minute after d'eloi'l.'^^i 




air, to such an extent ,th^t it:, la^n^,^^^^ 
Tlfininous. It,^,as, by^'jthJjS' .ti^^'^ it.U^ vS^l 
roughly 4.5 miles Uo^-^he^^^i^^^^ 
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Figure 3.28a.— Chronological development of an 
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Figure S.2§b:-Chronological derelopment of an air burst: 4.rsecon(ls>fer i-megaton detonation. ' 'i"^':! 
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: jtf^r.the 
VxEJjo«ipn>, .d^^ high-pressure 
/firtyife .fleyclofi ihe fire- 

ball iftnd moves rapidly away, behaving 
iilttJ a inoyin wall of highly compressed 
, wki.^^^ the 
' i^i^bidl' 0 i&omt) lias 



attained its .maximum size (7,200 feet 
across), the blast frohi is sonie 3 miles 
further ahtod. About a minute after the 
explosion, when the ifirebfill is no longer 
visible, the blai^t wave has traveled ap- 
proximately 12 miles. \i is then moving at 
albput 1,160 ^?^t per second, whiCh is 
slightly faster than the speed of sound at 
^seaxIeveL ' 
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Figure 8.85*— Fusion of incident and reflected waves' and formation of Mach stem. 
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THE MACH WAVE , 

3*35 When the blast wave strikes the 
^ surface of the earth, it is reflected in a 
way^imilar to.a.sound wave producing an 
echo. ITiis reflected blast wave, like the 
original (or direct) w,ave, is also capable of 
caiisb^^^material damage* At a certain re- 
gion on the jgurface. the position nf which 
depends qhiefljr oil the height of the burst 
above the surface and the energy of the 
explosion, the direct aind reflected blast 
' frontk fuse as shown in jPigure 3.35. This 
fusion phenomenon is called the MACH 
EPPBOP. TTie GYBRPfiE^^^ i.e^, the' 
pressufe ofihrbla^t^^w^ of the 

normal Ittmds^^^ at tM front of 

the Sfach wave i^^^^ twice as 

-^at as that at the diitectsTfiock front. The 
mksdl^^ value/i.e., at tfie 

blasi fronts is called the Peak overpres- 



3.36 . For a "typical*' air burst of a 1- 
megaton nuclear weapon, the Mach effe<;t 
will begin approximately 5 seconds after 
the explosion, in a rough circle at a radius, 
of 1.3 miles frpm ground zero. The term 
"GROUND ZERO" refers to the point oh . 
the earth^s surface immediately below (or ' 
above) the poi nt df detonation, * 

' 3.37 At first, the .height^ of the Mach • 
front is small (Figure 3^37), but as the 
, blast front cdntintieis to move outward, ^the/^ 
height increases steadily forming a MACH 
STEM. Ihirihg this time, howeve^^ the ov- / 
erpressiire^ Jike that iiji the original blast 
T^ave, decreases correspondingly because 
of the continuoui^ loss pf energy and the 
ever-increasing ar^a ofxthe adyahcihg 
front. After the lapse of about 40;Secpnd8;^:^^ 
when the Maich front from a 1-megatoh^^ 
nuclear bopfibjfe 10 miles from jfrou;i.^ zero^ ' 
£he ovierpressure wilt have: dedrea^^^ 
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roughly' 1 pound, per square inch. Most of 
the material damage caused'by an air 
l)ur8t nuclear bomb is due mainly-Aii- 
reetiy or indirectly— to the blast (or shock) 
' Wave. The majority of structures will suf- 
.. fei:>SQme damage. from aip blast when the 
T ovferpressure in the ^ blast wave is about 
oixe-haif pound per square inch or more. 

3.38 The distance from g^^ound zero at 
which the Mach stem commences, and to 

' which an overpressure of one-half pound, 
per square inch will extend, depends on 
the yield or size of the explosion^nd on 
the height of the burst. As the height of 
the burst for_an explosion of given energy 
is decreased, Mach reflection commences 
nearer to ground zero, and the overpres- 
sure at. the surface near gn^ound zero be- 
comes larger. If the bomb is exploded at a 
Igreater height, the. Mach fusion com- 
mences farther away, and the overpres- 
, sure at the surf^ide is reduced. An actual 
contact surface burst leads to the h^est 
possible overpressur es near g roungfzero, 

^ but no "Mach effect occurs, since mere is 

^ ' no reflected wave. 

3.39 In the .nuclear, explosions over Hi- 
roshima and Nagasaki during Worl(i War 
II, the height ot burst was about 1,850 
feet. It was estimated,, and has since b6en 
confirmed by jiuelear test explosions, that 
a 20-kiloton bomb burst .at this height 
would cause maxi^ium blast damage to 
structures on the ground for the particu- 
lar targets concerned. Actually^ there is no 
single optimum height of hurst, with re- 
gard to blast effects^ for any specified ex- 



POSmVE AND NEGATIVE PHASES 

3.40 As the blast wave travels in the 
air away from its source, tha ove.rpres- 
.sures at the front steadily decrease, and 
the pressure behind the front falls off in a 
regular manner. ASter a^sl4^.tirtie, AvJi^n 
the blast front has traveled'a certain dis- 
tance frrorthe fireball, the pressure be- 
hind the front drops below that of the 
normal atmosphere and a so-called NEGA- 
TIVE PHASE of^the blast wave forms. In 
this regionihe air pressure is below that of 
the original ( or ambient) atmosphere. 

3.41 During the negative overpressure 
(or suction) phase, a partial vacuum is 
produced and the air is sucked in, instead 
of being pushed away, as it is when the 
overpressure is positive. In the positive (or 
compression) phase, the vnnd associated 
with the blapt wave blows away from the 
explosion, and in the negative phase its 
.direction is reversed. 

3.42 This wind is often referred to as a 
"transient" wind because its velocity de- 
creases rajp^idly with time. During the^si- 
tive phase, these winds may have peak 
velocities of severar hundred miles per 
hour at points near ground'zer6> and even 

^ at more than 6 miles from the explosion oU 
a l-megat($n nuclear explosion, the peak 
velocity may be greater than 70 miles per 
hour. It is evident that such strotig winds 
can contribute greatly to the blast damage 
following an air burst. The peak negative 
values of overpressure are small compared 
with the peak- positive overpressures. . 
Thus, it is duidngHhe compression phase 
that most of the destructive action of blast 



.from an air burst will be experienced.'' 
However, the winds associated with the 
negative phase caji be quite damaging to 
weakened structures. ^ 

'3.43 From the practical viewpoint, it is 
of interest to visualize the changes of ov- 
erpressure in the bla^t wave with time at 
a fixed location. The variation of overpres- 
sure with time that would be observed at 
such a location in the few seconds follow- 
ing the detonation is shown in Figure 
3.43a. The corresponding general effects to 
be expected on a light structure, a tree, 
and a small animal are indicated at the 
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plosion energy yield, because the chosen 
' height of burst will be determined by the 
nature of the target. As a rule, strong (or 
h^ard) targets will require low air or sur- 
face bursts. For weaker targets, which are 
.destroyed or damaged at relatively low 
overpressures or dynamic pressures (the 
dynamic pressure, is a function of the wind 
VeJtocity and air density behind the blast 
front), the height of burst may be raised in 
, order to increase the area of damage, since 
the distance at which low overpressure 
. would result would be^ extended because of 
''o "ta<*h effect. 

ERJC ■ ■ . 




FiuuKB i.43«^variation of pressure with time ai a fixed location and effect of blast wuve pwsin^ over a 
. - 'Structure. 

left of th^ figure. Additional data is pre- 
sented in Figurer3;43b and 3,43c. * . 



BLAST CASUALTIES 



all of tnes^ four ways, depending upon 
mknj factors, including the degree of pro- 
tection, closeness to ground zero, size of 
bonib, height of detonation, etc*. 
3.45 The four kinds of blast injuries 



§•44 there are four different iinds of are* ^ ' A 

weapon. Victim? may be injured m one or the high pressures of the blast wave: 
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FlGtfRE 3.43b;— Damage ranges for a 1*MT typical air burst. 



. , (2) those^irom the impact of missiles 
thrown about by the force of the blast; 

(3) result pf being thrown about by the 
;v ^blast: and . 

(4) miscellaneous injuries, spch as ex- 
posure to ground shock; dust inhalation; 
fires caused by the explosion, etc 

;7- 3i4$T^ Seventy percent pf those who sur- 
j viyed the nuclear bombing in Japan suf- 
' fered from blast injury. Since many of the 
"survivors were alsojnjured in other ways 
T-^(burn^srand/or ri^diationr^bdth^ 

cussed i^tert we cannot say4hait this is the 
.{jeircenta^e of injuries caused by blast. 
f^Wftlrdigssr'Mast was 01 
\ causes of injury and/ certainly^ a major 
" cause oif;4^,atR- « 

.3.47, In addition to thie tr^insjient winds 
associated with the passage of the blast 
front, a strong updraft with inflowing 
/ winds, called "afte^winds*^ is prpduced in 
. . t he^ imm ediate vicinity of the detonation 
-Jy^Tothe rising firebalL These afterwinds 

■ERIC :- : : 



cause varying amounts pf dirt and debris 
to be sucked up from the earth's surface 
into the atomic cloud. (Refer to Figure 
— 3.28e.) • . ' ^ 

3^8 At first, the rising mass of bomb 
, residue carries the particles upward, but 
after a time, the particles begin V> spread 
out and fall slowly Under the influence of 
wind and gravity- This is FALLOUT. 

THfERMAL RADIATION 



. 3^49 Immediately after the fireball is 
formed, it starts to emit thermal radiation. 
Because o f the very high temperatures of 
the fireball, this radiation consists of visi- 
ble light rays, invisible ultraviolet rays of 
shorter wave Ifength, and invisible in- 
frared raj^s of longer wave length. These 
rays all travel with the speed of light. Due 
to certain physical phenomena associated 
with the absorption of the thermal radia- 
tion by the air in front of the fireball; the 
surface temperature of the' fireball under- 
goes a curious change. The temperature 
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FOR A SUflFACE BURST Ti<M,fSPEQTIVE DISTANCES ARE THREE QUARTERS OF 
THOSE FOR AN AIR jgDRST OF THE. SAME YIELD. 

FlGimE;3.43c^Mixknum ri^^^^ l^ound zero for struc^tural d*m^ from^aJr bursts. 



d^remses rapidly for^a fraction of a sec- 
ond. Then, the surface.^ temperature' anr 
crelaseii jtgain for a Bomewhat Ibnger time, 
gfter which it falls continuously. In other 
words,, there are effectively two surface- 
temi)erat ^ rft piiiftAk > i\y^^\ of V f^ rj^ 



shbft dutationi whereas the second lasts 
^or^a much; Ibnger time. This behavior is 
^jLiite st^^^ with all size weapon^, aU 
thpu^h the duration times/of the two 
puise^ ihcreals^ with i;he energy -yield of 
the explosion* After about 3 secorids from 
th^ 4§tpriatioh (^^^ a 20 KT bomb, the fire- 
ball, still very hoi, has cboled to 
such ext^n^^^^^^ the thermat radiation 
ii ho Itfrigw ihi^ whisreas amounts 
# thecal radia^^ still continue to be 
emitted fr^ 11 sedonds 
after a 1-mjega^^ - » 



3i60 Corresponding tp the two tempera^ 
t^re pulses,, there are two pulses of emis- 
sion .of .thermal radiation from the;fireball 
(Figure 3.50). In the first pulse, whi^h 
lasts about a tenth of a second for a 1- 
inc^»t9n explosion, the temperatures^are 
mds^tly very high. As la result, mudh of the 
radiation ejiiltted in this pulse J^. in the 
Ultraviolet region . Mnd e r a tol:^ lar g e doses: 
bf ultra-violet radiation can produce pain- 
ful 'blisters, in milder forin. these effects 
ate fanpiiliar as sunburn. However, in most 
circumstances, the first pulse of thermal 
Tadiatjpn is not <i significant hazatd, with 
regard to skin JBums, ibr^several reasons. 
In the first place, only about 1 percent of' 
the thermal radiation appears in the ini- 
tial pulse b^ecause ofl its short duration. 
Seconal, the ultraviolet rays are .readily 
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aBsorbed in the atmosphere, so that the 
dose delivered at a dist^ance from the ex-, 
plosion *may be comparatively smjaHK, Fur- 
ther, it appears that the ultraviplet ^adia- 
tion from the first pulse could cati^^ signif- 
i^rant effect on the human skin Only within 
ranges jwhere geojile would be killed out- 

/right by the blast and at which other 
radiation effects are much more serious. 

^ ' 5.51 The i^ituation with regard to^vthe^ 
second pulse is, however, quite different. 
This pulse may last for several seconds 
and carries about 99 percent of the total 
thermal radiation energy from the bomb. 
Since the temperatures are lower than in 
the first pulse, most of the rays reaching 
the earth consist of visible and infrared 
light. It is this radiation which is the main 
cause of skin burns of various de^ees 
suffered by exposed individuals out to 12 
miles or more from the explosion of a 1- 
megaton bomb, on a fairly clear day. The 
warmth may be felt at a distance of 75 
miles. For air bursts of higher energy 
yields, the corresponding distances, will, of 
wui^se, he greater^eheraHy^ thermal ra- 
diation is capable of-ii^sing skin bums on 
exposed individuals at such distances from 
the ijiuclear explosion that the effects of 
blast >and of the initial nuclear radiation 
are not significant. 

THERMAL RADIATION CASUALTIES 

3.52 It is convenient to divide thermal 
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bums due to a nuclear explosion into two, 
classes, namely (1) primary bums, and (2) 
secondan^ burns. As in the case of blast 
injuries, the terms primary and secondary 
refer to the manner in which the bums 
are inflicted. Those in the first class are a 
dir€ict result^of^ernja 
bomb, while those in the second group 
arise indirectly from fires caused by the 
^^_exp|osi(?n^,Fr^pm the medical point of view, 
a 6tirn i3 a ournT^^ a 
flash bum from the initial therms^l burst 
or, at a later time, from the burning envi- 
ronment. 

' 3.53 Experiments in the laboratory and 
in the field have established criteria for 
assessing the degree of thermal damage to 
be expected for doses of thermal radiation 
delivered to human tissue within specified 
time limits. Medical diagnosis usually re- 
cognizes three grades of thermal injury: 
first, second and third degree injury in 
ascending order of severity. A first-degree 
bum corresponds to a moderate sunburn 
or erythema. Such damage, while quite 
paiiifu},^i& reparaWe—witli— t4me-and— re- 



quires no special treatment beyond the 
relief of pain. The second-degree bum in- 
volves the skin thickness down to and 
including portions of the dermis. A charac- 
teristic feature of second-degree bums is 
the formation of blisters. The second-de- 
gree bum is extremely painful but also 
reparable with time. Infection usually oc- 
curs* since the protective barrier of the 
.epidermis has been pierced, leaving the 
tissues open to infective pathogens. Given 
time and opportunity to combat infection, 
the majority of second-degree wounds heal 
withmit iinHiiP aftereffects thou gh per- 
hianent pigmentation changes may persist. 
The third-degree bum involves complete 
destruction of the^ whole- skin- thickness. 
Except for very smafTarea burns these are . 
not reparable with time but require skin 
grafting in all cases.,. Infection is invaria- 
bly present. Paradoxically, the third-de- 
g^ree bum is not as painful as the second- 
degree burn because the nerve endings 
have been destroyed; yet third-Uegree 
bums to more than 25 percent of the hu- 
man body area might represent* a fatal 
injury. 
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3.54 The' treatment of severe thermal 
{injury on areas in excess of 25 percent of 
the whole body represents a grave medical^ 
problem even in a modern hospital and' 
under the best of circumstances. For mass 
bum casualties under field conditions the 
^situation takes^ on overwhelming propor- 
tions. An unwarned urban papulation 
caught out of doors during a nuclear at- 
^ ^tack* would -suff er-alTno^trcomplete"anhiKi^" 
lation from blast and thermal energy out 
to a radius of many miles from ground 
zero. While it is feasible to avoid the 
prompt thermal flash by taking cover, it is 
not so evident how to avoid the secondary 
effects of the burning environment which 
develops soon after the burst. It is proba- 
ble that burn's from secondary fires engen- 
^ dered by the bomb would represent a ma- 
jor proportion of the casualtiesL even for a 
population Which had^received warning of 
imminent attack. (From 65-85% of the 
atom bomb survivors in Japan were 
burned to some degree.) Figure 3.54 shows 
the ranges in miles at which people in the 
open would suffer various degrees of skin 
bum from surface burst weapons of differ- 
ent power. 

I 

THERMAL EFFECTS OF WEAPONS OF 
DIFFERENT YIELDS 

3.55 A lOMT jveapon radiates 500 times 
as much heat as a 20KT bomb. According 
to the ''inverse square" law a lOMT 
weapon should produce the same amount 
of heat as the 20KT weapon at a distance 
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FIGURE 3.64^Range of effects frpm surface bursts 
on people exposed in open. • ' 



22 times greater (since V500 = 22 approx.). 
But the heat from the larger bomb js 

, spread over a much longer period, 20 sec- 
onds compared with a IV2 second flash 
from the 20KT bomb, so that more of the 
heat is dissipated. 

3.5^? I'Jucfe'ar weapons of iO-lOOKT de- 
liver at least 60 percent of the total ther- 
mal radiation from the second radiation . 
pulse ih less than 0.5 second. Weapons in 
the 1-lOMT range, while pVducing more 
thermal energy over a greater radius from ' 
the burst than weapons of lOOKT or less, 
deliver this thermal energy at a much 
slower rate than the small weapons. Thus, ^ 
for equal thermal doses incident on tissue, 
the small weapons are more effective in - 
producing thermal injury because tlie 
large weapons require anywhere from 5 to 
15 seconds tq deliver 60 percent of the 
thermal dose. For e^^ample, it requires 7-9 
cal./cm.^ to produce second-degree burns 
from a lOMT weapon. This illustrates a 
most important factor: The larger the 
weapon, the greater the time available for 
evasive action. However, evasive tactics 
must be exercised before 60 percent of the 
total energy has been delivered. For per-* 

.sonnel welF indoctrinated in evasive tac- 
tics, this could mean the difference be- 

•^een a moderate sunburn and severe 

thermal injury. Figure 3.56 shows thermal 
energies required to cause .first, second 
and third-degree burns from different 

yield weapons. 

3.57 Temporary or permanent blind- 
ness could be caused ty the thermal radia- 
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tion if a pension is looking ip the general 
direction of the fireball at the precise xno- 
me^it of. (Jetonation. The lens of the eye 
focuses heat as well as light rays on the 
retina of the eye* Thus in addition to tem- 

onds.or minutes duration from the intense 
light, actpal bums of the retina could oc- 
. . cur from undue amounts of thermal radia 
tion ente^ng the eye* Neither flash blind- 
ness nor retinal dainage constitute major 
hazards during daylight because of natu- 
ral restriction of the diameter of the pupil 
which limits the amount of light entering 
the eye; furthermore the blink reflex, one 
. hundred and fifty thousandths of a second, 
protects the eye from undue amounts of 
' radiation, except in those cases where the 
thermal pulse is delivered within. ex- 
tremely short times. This is the case for 
low-yield weapons and can also be true for 
high altitude bursts. 

.>3.58 It is an interesting f&ct that 
among the survivors in Hiroshima and 
Nagasaki, eye injuries directly attribut- 
able ta thermal radiation appeared .tp_be 
relatively unimportant/ There were many 

* cases of temporary blindness, occasionally 
lasting up to 2 or 3 houfs, but more severe 
eye injuries were not common. 

3*59 The eye injury known as keratitis 
, (an inflammation of the^comea) occurred , 
in some instances* The symptoms, includ- 
ing pain caused by light, foreign-body sen- 
sation, lachrymation, and redness, lasted 
for periods ranging from a few hours ta 
several days. 

"EFFECT OF SMOKE, FOQ AND SHIELDING 

3.60 In the event of an aiV burst occur- 
ring above a layer of dense cloud, smoke, 
or fog, an. appreciable portion of the ther- 
mal radiation will be scattered upWard 
from the top of the layer. This scatt^red^ 
radiation may be regarded as lost, as far 

• as a point on the ground is concerned. In 
addition, most of the radiation which pene- 
trates the layer will be scattered and very 
little will reach the given point by direct 
transmission. These two effects (smoke ot 

O "og) will result in a substantial decrease in 
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the amount of thermal energy reaching a 
ground' target. ^ . 

3.61 Xt is. important to understand tliat' 
the decrease in thermal radiation by 'f6g 
and smoke will be realized only if tKe 
burst point is above or, to a lesser extent,^ 
,'within the fog (or similar) layer. If fhe^" 
explosion should occur in moderately' clear 
air beneath a layer of cloud, or fog, soiVie of 
the radiation Which would normally pro- 
ceed outward into space will be scattered 
back to earth; As a result, the thermal 
energy received will actually be greater 
than for the same atmospheric transmis- 
sion condition without a cloud or fog cover. 
, 3.62 Unless scattered, thermal radia- 
tion from a nuclear explosion, like ordi- 
nary light in general, travels in straight 
lines from its source, the fireball. Any 
solid object, opaque material^ such as a 
waUy a hill, or a4ree, between a given object 
and the fireball, will act "m a shield and 
provide protection from thermal radiation. 
Transparent materials, on the other, hand, 
such as glass or plastics, allow thermal 
radiation to_paasjthroJLigh, only slightly 
absorbed. 

3-63 In the case of an explosion in the 
kiloton range, it would be necessary to 
take evasive action within a small fraction 
of a second if an appreciable decrease in 
thermal injury is to be realized. The time 
appears to be too short fpr such action to 
be possible. On the other.hand, for explo-* 
sions in tht megaton range, evasive action 
taken within a second or two of the ap- 
pearance of the ball of fire could reduce 
the severity of injury due to thermal ra- 
diation in many cases and may even pre- 
vent injury in others. 

NUCLEAR RADtATION 

3.64 It was stated in paragraph 3.4 that 
one of the unique features of a nuclear 
explosion is that it is accompanied by the 
emission of various nuclear radiations* 
These radiations, which are quite different 
,from thermal Radiation, consist of gamma 
rays, neutrons, beta particles, and a small 
proportion of alpha particles. Essentially 
all the neutrons and part of the gamma 
rays are emitted in the actual fission proc- 
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" ess* That is, these radiations are produced 
siniuitaneously with the nuclear explo- 
sion, whereas the beta particles and the 
reniairtdel' of the gamma rays are -liber- 
ated from fission products iri the course of 
their radioactive decay. The alpha parti- 
^cles result from the noi^mal radioactive 
deicay of the uraniupi or plutoniiim that 
has escaped fission, in the bomb. * 

3.65 Because of the nature of the phe- 
nomen^ associated with a nuclear explo- 

' sion, either in the air or near the .surface, 
it is convenient for practical purppses to 
consider the nuclear ^radiation as.^being 
divided into two categories; namely, ii:iitial 
and residual. 

INrriAL NUCLEAR RADIATION 

3.66 -The initial nuclear radiation is 
generally defined as that emitted from the 
fireball and the atomic cloud within the 
firat minute after the detonation. It in- ^ 
eludes neutrons and gamma rays given off 
almost instantaneously, as WSll as the 
g;ainma rays emitted by the radioactive 
fission products in the rising cloud. It 
should be noted that, although alpha and 
beta particles are present in the initial 
radiation, they have not been considered. 
This is-because they are so easily absorbed 
that Jbfifi^y will not reach more than a few 
yards, at most, from the atomic cloud. 

3.67 The somewhat arbitrary time pe- 
riod of 1 minute for the duration of the 
initial nuclear Vadiation was ^originally 
based upon the following considerations.' 
As consequence of absorptrdn by J;he air, 
the effective range of the fission gamma 
rkp iand thos^^frdm the fissioii products 
from a 2P-kiloton explosion is ve^ roughly 
.2 miles. In other words, gamma(irays-origi-^':' 
niating'fronvsuch a sdurce^f an altitude of 
over 2 miles can be ignored as fkr ia^ their 
effect at the, earth's surface is concerned. 
Thus, when the atomic cloud has reached 
a height of 2 miles, the effects af the initial 
nuclear radiation are no longer signifi- 
cant. Since it takes roughly a minute for 
the cloud to rise this distance, the initial 
nuclear radiation is defined as that emitted 
in the first minute after the explosion. ' 

3.68 The foregoing discission is based 



on the characteristics of a 20-kiloton nu- 
clear bomb* For a bomfi of higher energy, 

. the maximum distance aver which the 
gamma riiys are effective will be greater 

. than given above. However, at the same 
time, there is an Mc^rease in the rate at 
which the cloud^rises^Similarly for a bomb 
Of lower energy, the effective distance is 
less, but so is the rate of ascent of tlje' 
cloud. The period over which the initial 
nuclear radiation exte,nds may conse- 
quently be taken to be approximately, the 
same; naijfly, 1 minute irrespective of the 

• energy i^'^^e of the bomb. 

*«^69 Neutrons produced directly in the 
thermonuclear reactions mentioned in 
paragraph 3.18 ar^ of special significance. 
Some.of the neutrons will escape but otji- 
ers will.be captured by the various nuclei, 
present in the exploding bomb. These neu- 
trons absorbed by fissionable species may 
lead to the liberation of more neutrons as 
well ad to j^he emission of gamma rays, 
just as described above for an ordinary 
fission bomb. In addition, the capture of 
neutrons in iion-fissiori reactions is us- 
ually accompanied by gamma r^ys. It is 
seen, therefore, that the initial radiation 

• from a bomb in ,which both fission and 
fusion (thermonuclear) processes occur, 
consists essentially of neutrons and 
gamma rays. The relative* proportions of 
these two radiations may be somewhat 

different than for ^ bomb in which all the 
energy Sreleased is due to fission, but for 
preisent purposes, this differenc^^ay be 
disregarded. The range of lethal effects 
froni initial ^nuclear radiation are well 
within the areas o? severe hlast and ^ther- 
malj damage. 

RESIDUAL NUCLEAR RADIATION 

3.70^ The radiation which- is emitted. 1 
minute after a nuclear explosion is defined 
ks residual nuclear radiation. This Radia- 
tion arises 'plainly from the bomb residue; 
that is, from the fission products and, to a 
lesser extent, from the uranium and plu- 
tonium which have escaped fission. In ad- 
dition, the residue will usually contain 
some radioactive isotopes formed as a. re-^ 
suit of neutron capture by bomb materials. 
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Anpthei^ source of residuaVn radia- 
;tion.is.th€t.^^M^^ by neutrons 

captured jn various elements present in 
the^earth^ in the,sea, or in. the substances 
whteh may be in the explosion environ-,? 
inent#, ; - ' . \ \ 

^%itkts^rf^c4^^ 
Wrface 'Explosions/ the demarcation be- • 
tweenrintfial andi residual nuclear radia- 
tion, is ifipt as definite. Somfe of the radi^- 
tioii^ifrom the bomb residue will be within 
the Tahge of th^ earth's surface at ;^11 
times so thi^t the initial ahd'Tesidual .cate- 
gories merge continuously into one ian- 
other/por v^ry dpei) underground and un- 
derwater burstS,^ the initial gamma rays 
and neutrons produced in the fission proc- 
ess may be ignoired. Essentially the onJ^r 
nuclear radiation of importance is that 
arising from the, bomb residue. It can con- 
sequently be treated as consisting exclu- 
sively of the T^sidual radiation. In an air, 
and surface burst, however, both initial 
,and residual nuclear radiation must be 
takenJnlQ;Ccpsideratio 
. 3.72 -One additional important consider- 
, atipn.of nuclear radiation is that the resid- 
ual: nuclear ntdiation can, under some con" 
ditionBy represent a serious hazard at great 
distances frorn a nucledr explosion^ well 
beyond the range of blast, shockf thermal 
radiation^ and initial nuclear radiation. 
. This phenomenon— FAttpUT— will be dis- 
cussed at lengj^h in later chapters. 

CHAIM^tTERiSTiCS OF A SURFACE BURST 

3.73 In a surface burst, the bail of fire 
in its rapid ihitial growth will touch the 
surface of the earth. Because of the in- 
tense heat^ a considerably amount of rock, 
sqil,vahdo|he)r iri the area 

willbe vaporized and taken into the ball of 
fire. It has heen estimated th^if only 5 
percent; ot a 1-megaton bomb's [energy is 
spent in this manner, something/like 20,- 
: 000 tons, of vaporized soil material will be 
acjded- to the normal constituents of the 
fireball.- in addition, the highi winds at the 
earthfs surface will cause large amounts of 
dirt| dust, and other particles to be sucked , 
\xp:9^^^^ rises. (See Figurfe ^ 



3.74 An important difference between a 
surface burst and ah ailr burst is that in the 
surface burst the atomic cloud is much 
more heavily loaded mth debri^s (and so 
produces much more FAtlOUT). TChis *\^11 
consist of particles ranging in size from, 
the yery sina^ll one^ l^y condensa- 

tion, as the firebaii cools, to the lyiuch 
larger particles which have been ratised by 
thji^urfaQe wfrids^, The exact compojsition 
of fhcT cloud will, of dnirse, depend on the 
nature';Qf the terrain and* the extent of 
, contact with the fireball/ 

3*t5 For' a surface burst associated 
with a moderate amount of debris, as was 
the case in several test explosions in 
which the bombs were detonated near the 
ground, the rate of ribe of the cloud is 
much the same as given earlier fpr an air 
burst. The atomic cloud reaches 3 height 
of several miles before spreading otit into 
a mushroom shape. 

3.76 The vitporization Of dirt and other 
material wlvei\^ the fireball has touched the 
earth's surface, and the removal of mate- 
rial by the blast wave an^ winds accompa- 
nying the explosion, result in^the forma- 
tion of a jcriater. The size of the crater will 
Vary with the height above the surface at 
which the bomb is exploded and with the 
character of t^ie soil, as well as the energy 
of* the bomb. It is believed that for a 1- 
megaton bomb there would be no apprecia- 
blie crater formation unless detonation oc- 
curs at an altitude of 460 feet or less. 

3.77 If a nuclear bomb is exploded near 
the surface of the water, large amounts of 
water will be vaporized and carried up 
into the atomic cloud. For example, if it is 
supposed, as above (paragraph 3.73), that 5 
pei:cent of the energy of the 1-megaton 
bomb 'is expended in this mariner, about 
106,606 tons of water will be converted 
into vapor. At high altitudes this wilf con- 
dense to form water droplets similar to 
those ip ^n ordinary atmospheric cloiid. 

AIR BLAST AND GROUND SHOCK 

* . 3,78 The overall blast effect due to the 
air shock from a Surface bijrst will be less 
than that frotp an air burst for weapons of 
equivalent yield. For one thing, part of the 



energy of the bomb is used up in vapor- 
izing materials on the surface and in 
forming a crater. In addition, up to 15 
percent of the energy may go into ground 
Bhock. The main point, howevey:, is that 
because the bomb expires close to the 
earth*s surface^ the overpressure neat 
ground zero will be much greater than for 
an air burst, but it will fall off more rap- 
idly with increasing distance from ground 
zero^ ' 

3.79 As a result, energy will be wasted 
on targets close to ground zero which 
could have been destroyed by much l9Vier 
overpressures. At the same time, the over- 
pressures ak some distance away will be 
too low to caui^ any considerable damage. 
In other words>sthere will be an "over- 
destruction" of neai*b^y surface targets and 
an "under-destruction'^ of those further 
away. The energy that has. gone to produjce 
ground shock may contribute, however, to 
the destruction of underground targets pro- 
tected from the air blast such as missile 
launching sites. Figure 3.43c, (and its leg- 
end), will provide additional specific infor- 
mation on surface bursts. 

THERMAL RADIATION 

3.80 The general characteristics of the 
thermal radiation from a nuclear detona- 
tion at the surface will be essentially the 
^ame as for an air burst, described previ- 
ously. As stated earlier, if evasive action 

^ can be taken within a second or so, part of ' 
the heat radiation may be avoided. 

iNrriAL NUCLEAR RADIAtiON 

3.81 The initial nuclear radiation from 
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a surface burst will be simjlar to that in an 
air burst. However, if the low level nuclear 
explosion occurred Jn a more or less built- 
up area, the structures through which it 
passed would serve to reduce, even thougl^ 
they would not completely shield, the 
..gamma radiatioh. For practical ,'t)urppses, 
however, it would be advisable to treat 
these two types of burst as the same a^ far 
as inHial nuclear radiation is concerned. 

RESIDUAL NUCLEAR RADIATION ^ 

3;82 ^ With respect to residual radioac- 
tivity, -a nuclear explosion at a low level 
vould produce effects somewhat similar to 
a subsurface burst. That is, a considerable 
amount of dirt and oth^r debris or water, 
would be hurJed into the air, and upon 
descending, it might produce a base surge 
(highly radioactive cloud^f dust or vapor) 
which will be contaminated partly from 
the condensation on the ground of the 
nuclear reaction products from the ball of 
fire, partly fr&m the fallout of heavier 
pieces, and partly from radioactivity in- 
duced by neutrons.' 

CHARACTERISTICS OF A SUBSURFACE 
BURST 

3.83 Wheji a nuclear bomb is exploded ^ 
under the ground, a ball of fire is formed 
consisting of extremely hot gases at hi^ . 
pressures, including vaporized earth and 
bomb residue. If the detonation occurs at 
not too great a depth, the fireball may be 
seen as it breaks through the surface, 
before it is obscured by clouds of dirt, and 
du^st. As the gases are released, they carry . 
up with theA into the air lar^e quantities 
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of earth, rock; and debris m ^e 'form of a 
cylindrical column., The chronological devel- 
opment of some of the phenomena associ- 
ated with -an underground explosion, hav- 
ing an energy yield- of 100 kjlotj^, is 
represented by Figures 3.83a to 3.§3d. 

3.84/- It is estimated from^4;ests made -in ' 
Nevada that, if a 1-megaton bomb were ' 
dropped from the air and penetrated un- 
derground in sandy soil to » depth of 50 
feet before exploding, the resulting <;rater 
would be about 300 feet deep anPnearly 
1,400 feet across: Thisjneans that approxi- ' 
mately 10 million tons of^soif and rock 
would be hurled upward from the earth's 
surface. The volume of the crater the 
mass of material thrown up by the force of 
the explosion will increase roughly in pro- * 
portion to the energy of the bomb. As they 
descend to earth, the fin^r^rtidles of soil 
may initiate a base surge \s shown in 
Figure 3.83d. 

AIR BUST AND GROUND SHOCI 

3.85 The/abid expansion of the bubble 




the Surface in 
rapid that the* 
imjnediately t 



pand, the cooling is so 
perature* drops -almpst * 
.... ^ . 6int whero, there is-no. 
further appreciable emission oMhermaL 
radiation. It follows, therefore, thatsin an 
underground puclear e^losion the \her. * 
n&l radiation can be ignored as far its 
effects on persoi^nel and as a soGrce ol^fire 
are iohcemed. 
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3,88 It is probable, to,'||at most of the ' 
. "Jy^ns and gamma rays liberated 
witlim a short»time of the'iwrtiation of the 
,expl(ff|c)n will also be .ab^rbed by the 
ear th. Bu t, when the fireball reaches the 
suiArtc^nd the gases dre expelled; the ^ 
^amma rays (and beta |*ticles) from th?7 
fission products will repl^ent a. form of ' 
initial nifclear Radiation. Ih addition, the 
radiation fTomtJ^^ssion (and neutron- 
induced radioS?tive) products presei!rt in 
the cloud stem', radioactive cl(J6d, afid base ' 
surge, all three oCwhich a>e formed within 
a few seconds of the burst. Will contribute, 
to the initial effects. 

- — ^c*K*v. c^paixoiuix ui wie uuauie ^-^^ However, the fallout from the 

of hot, high-prfessure ]g^ases formed in the*V^oud and the base surgje are also responsi- 
fnderground/burst initiates a shock wave residuaJl nuclear radiation. For 

Its/effects are somewhat^ ^ subsurface burst, it is thus less meaning-y 

fill frt W%ol^A «^ .O.U.r...^ Jft^^* I.*. 1 . ' 



ltndergroun(^ 
in the earth 

similar to those of an earthquake -of mod 
erate intensity, -jxcept that the disturb- 
ance originates teirly.near the surface in- 
. stead of at a grelt depth. The difference in 
depth of origin means that the pressures 
in the underground ^hock wave caused by 
a nuclear bomb probably fall off more rap- 
idly with distance 'than do those due*to 
earthquake waves. 

3.86 Part of the energy from an under- 
ground- nuclear explosion appears as a 
blast wave in the air. The fraction of the 
energy imparted to the air in the form of 
blast depends primarily upon the depth of 
the burst. The greater the penetration of 
the bomb before detonation occurs, the 
smaller is the proportion of the shock en- 
ergy that escapes into the air. 

THERMAL AND NUCUAR RADIATION 

3.87 Essentially tXXJi^^ thermal r^ia- 
tion emitted by the ball of fire v^ile it is 
still submerged is absorbed by the sur- 
rounding earth. When^he hot gases reach 



ful to make a>sharp dfSstinction, between' 
initial and re^ radiation, such as is 
done in th^'cafe^o an air burst. The initial 
nucig^r/radiation merges /continuously 
into those which are, produci^ over a pe- 
riod of time following the' nuclear explo- 
sion. 

HIGH ALTITUDE BURSTS 

3.90 For nuclear detonations^at heightjs 
up to about 100,000 feet the ^density of air 
is such that the distribution of the explo- 
sion energy remains almost unchanged, 
apl)roxfmating that 'described for an air 
burst, e.g., jtbout 45 to 55 percent (of the 
fission energy) appears as blast and shock, 
and 30 to 40 percen^ is Deceived as thefmal 

, ^ radiation. 

3.91 At greater altitudes, this distribu- 
tion begins to .change noticeably with in- 
creasing height of burst, a smaller propor- 

Ltion of the energy appearing as blast. It is 
i^x this reason that 'Uwr-tevel of 100,000, 
feet has been chosen for distinguishing 
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1)etween air bursts and' high-altitude 
burst's. 

3.92 There is, of course, no sharp 
change in behavior at this elevation, and 
so the definition of a high-altitude burst as 
being at a height above 100,000 feet is 
somewhat arbitrary. Although thete is a 
progressive decline in the blast energy 
with increasing height of burst above 100,- 
000 feet, the proportion of the explosion 
energy received as effective thermal ra- 
, diation on the ground does not at first 
change appreciably. This is due to the 
interaction of the primary thermal radia- 
tion With the surrounding air and its sub- 
sequent emission in a different ^spectral 
region. At still higher altitudes, the effee- 
tive thermal radiation received on the 
ground decreases and is, in fact, less than 
at an equal distance from an air burst of 
the same total yield. 

3.93 One aspect of a high-altitude burst 
- that has received increased attention in 

recent years is the electromagnetic pulse 
(EMP). Its implications were first noted 
during an experimental high-altitude 
burst^xer Johnson Island in the Pacific 
Ocean in 1962 when street light 'failures 
and communications disruptions occurred 
on Oahu, 750 miles awa^, in an era of 
intercontinental ballistic missile systems, 
and defenses against those missiles, the 
possibility of a high^altitu'tfe burst in a 
nucliear attack becomes very real. 

3.94 Put simply, the electromagnetic 
pulse js. that portion of the electromag- 
netic spectrum (Figure 2.42) in the me- 
dium to low frequency range extending 
roughly from the frequencies used in ra- 
dar. and TV down to those used in electric 
power. Since most of the energy is ra- 
dfiated in the frequency bands commonly 
vised for radio and TV communications, it 
is sometimes called "radio-flash." It is dif- ' 
ferentiated from the thermal radiation 
"pulse" that produce heat and light and 
the initial radiation '^^Ise" of gamma and 
X-rays. ^ 

There is concern about EMP be- 
cause jhe'eriergy in the pulse can be col- 
lected and concentrated, much as the 
sun's rays can be focused to prodiice a fire. 



as shown in the upper portion of Figure 
3.95. The lower portion of the diagram 
shows some common EMP energy collec- 
tors. Sufficient energy (mn be collected by 
these means to cause damage to attached 
electrical and electronic equipment. 

3.96 In a surface cr near-surface burst 
the relevant EMP energies are generally 
well within the blast and thermal damage 
areas close to the point of nuclear detona- 
tion and thus cover a relatively small geo- 
graphical area. 

3.97 By contrast, if a nuclear weapon is 
detonated high above the earth's atmos- 
phere, the X-rays and gamma rays emit- 
ted downward from the explosion will be 
absorbed in a big "pancake" layer of the 
atmosphere between 12V2 and 25 miles 
above the earth's surface, as shown in 
Figure 3.97. The gamma energy is con- 
verted into lower-frequency electromag- 
netic energy in this interaction region and 
propagated downward to the earth's sur- ^ 
face as a very brief but powerful electrom-^ 
agnetic pulse. TKe strength of this pulse 
on the ground is much the same. as ip the 
moderate damage area of a, surface burst. 
However, very large aj^eas, otherwise un- 
damaged, can be affected by the high alti- 
tude detonation, as the lateral extent of 
the "interaction region" i^ generally lim- 
ited only by the c(?rvature of the earth. 

^ 3.98 The extent of that damage can be 
seen by considering a typical high-altitude 
burst over Omaha, Nebraska as shown in 
Figure 3.98. Within the circle passing 
through Dallas, Texas the EMP hazard 
would be the greatest. The outer circle 
shows that there is potential damage from 
EMP effects over the whole area of the 
United States. 

3.99 ^ EMP can cause two kinds of dam- 
age. First, functional damage that would 
require replacement of a component or 
piece of equipment. Examples would be 
the burnout of a radio receiver "front end" 
or the blowing of a fuse. Second, opera- 
tional upset of equipment such as opening 
of circuit breakers or erasure of a portion 
of the memory of a computer. 

3.100 ^ Experiments have shown that CD 
radiation detection equipment is not sus- 
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From: Survive, Novembec-December 1969 
^ Figure 3.97^EMP eneripr from high altitude burst. 
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EMP GROUND COVERAGE OF HIGH ALTITUDE BURSTS 



Source: Offense Nuclear Agency 
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Mgepiible to direct daxh^ge nor are hand 

• heia : Citizens Band. ^^^^ or FM 

radio receivers. The vulnerability of indi- 

^<iukl -electrical or electronic equipment 
cahc-vi^ry greatt^^ Transistoi^ andiTmcro- 
inriivc^ for exaitiple,. are relatively 

^ihore vuinera^^ than vacuum tubes or 
electric-mptofs. / ^ 
a.lOt The EM? threat and protective 

•mejiisures for civil ;preparedness related 
syAems and equipment available in 
teciinical T^^^ of DCPA. Emer- 

gency operating, centers, broadcast radio 
and TVi telephone and electric power sys- 
tems lind, public safety radio ar^some of 
the^areas of concern. ' 
' 3.1^2 Listed below are seven anti-EMP 
actions ^thatl could be applicable to local 
civil preparedness operations. 

1. Maintain a supply^ of spare parts. 

2. Shift to emergency power at the earli- 
,est possible time. 

8, Rely on telephone contact during 

threat period so long as it remains 

operational. 
^ 4. If radio communication is essential 

during threat period, usfe only 'one 
' • system at a tinie. Disconnect all other 

systems from antennas, cables, and 

power*. . 

^ 6i Disconnect radio base stations when 
hot in use from antennas and power 
line. 

\ JB. Plan for mobilerto-mobile backup com- 
i munications. - 
7. Design emergency operating plans so 
I _th§| operations will **degnide,.grace- 
fully*' if communications are lostr 

iUMUMAlY dF EFFECtS OF VARIOUS TYPE* 
SUIlStS A 

3«103 Some general conclusions ciih -be 
•ipffered in summary of the degree or sever- 
ity of the particular effects of the varfous 
tj^esjof nuclear detonations. The yarious 
d«egrees are relative to, ea<?h/other for a 
given.btirst type, andlare best interpreted 
ih ierms of the descriptions given below. 
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HIGH ALTITUDE BURST ^ ' 

LIGHT: Very intense. 

HbaT: Moderate, decreases with increas- 
ing burst altitude. 

iNmAL NUCLEAR RADIATION: Negligible. 

SHOCK: Negligible. . . 

Air BLAOT: Small on the ground, decreas- 
" ing with increasing burst altitude. 

Early FALLQUT: None. 

SUMMARY; The most significant effect will 
be flash blindness over a very large 
area; eye burns will occur in persons 
looking directly at the explosion. Other 
effects will be relatively unimportant. 

AiR BURST * I 

LIGHT: Fairly intense, but much Jess than 
' .for high-altitude burst. 

Heat: Intense^ out to considerable dis- 
tances. 

Initial nuclear Radiation: Intense, but 
generally hazardous out to shorter dis- 
' tance than heat. 

SHOCK: Negligible except for v6^ low air' 
bursts. J> 

Air BLASTt ConsiderablejDut to distances 
similar to heat effe<*ts. \ 

Early fallout: Negligible. 

SUMMARY: Blast will cause considerable 
structural damage; burns to exposed 
skin, are possible over a large 'area ^nd 
eye effects over a still larger area; ini- 
ti^ nuclear racliation will be a hazard ajb 
cibser distances| but the early fallout 
hazard i^ll be negligible. 

GROUND SURFACE BURST 

LIGHT: Less than for an air burst, but still 
appreciable. ^ 

Heat: Less than for an air burst, but 
signiHcant. 

INITIAL NUCLEAR RA0UTION: Less than, 
for an air burst. 

Shock: Wijl cause daniage within about 
three crater radii, but litile beyond. 



4 



Air blast: Greater than for an air burst 
at close-in distances/ but considerably 
less at farther distafices. 

Early fallout: May.be considerable (for 
a high-yield weapon) and extend over a 
large area. 

SUMMARY: Except in the region close to 
ground zero, where destruction would 
be virtually complete, the effects of 
blast, thermal radiation, and initial nu- 
clear radiation will be less extensive 
than for an air burst; however, early 
fallout may be a very serious hazard 
over a large area which is unaffected by 
blast, etc. * 

SHAUOW UNDERWATER BURST 

Light, heat, and initial nvclear ra- 
diation: Less than, for a ground surface 
burst, depending on the extent to which 
the fireball breaks through the surface. 

SHOCK: Water shock will extend farther 

. than a water surface burst. 

Am blast: Less than for surface burst, 
depending upon -depth of bdrst. 

Early fallout: May be considerable, if 
the depth of biirst is not too large, and 
in addition there may be a higfily radio- 
active base surge, 

SUMMARY: Light, heat, and initial nuclear 
radiation will be less than for a ground 
surface burst; early fallout can .be sig- 
nificant, and at distances not too far 

' from the explosion the base surge will 
be an important hazard. 

Water suRFAcr burst J 

LIGHT: Somewhat more intenj^e than for a 
ground surface burst. 

HeaT: Similar to ground surface burst. 

Initial nuclear radiation: Similar to 
ground surface burst. 

SHOCK: Water shock can cause damage to 
ships and underwater structures to a 
considerable distance. 

Air BLAST: Similar to ground surface 
bursts ^' - ^ . 

Early fallout: May be considerable. ' 

SUMMAHY: The general effects of a water 



surface burst are similar to those for a 
ground surface burst, except that the 
effect of the shock wave in water will 
extend farther than ground shock. In 
addition, water waves can cause damage 
on a nearby shore by the force of the 
waves and by inundation. 

SHAUOW UNDERGROUJSiD BURST 

Light, -heat, and initial nuclear ra- 
diation: Less than for a water surface 
burst, depending upon how much of the 
fireball breaks through the surface. 

SHOCK: Ground shock will cause damage 
within about three crater radii, but lit- 
tle beyond. . 

Am BLAST: Less than for^a' surface burst, 
depending on the depth of burst. 

EA^Y FALLOUT: May be considerable, if 
tnVdepth of burst is not too large, and 
in addition there may be a highly radio- 
active base surge. 

SUMMARY: Light, heat, initial nuclear ra- 
diation,, and blast effects will be less 
than for a surface burst; early fallout 
•can be significant, but-at distances not 
too far from the explosion the radioac- 
• tive base surge will be an important 
hazard. Water waves can also cause 
damage, as in the case of a water sur- 
face burst. 

CONFINED SUBSURFACE BURST . 

Light, heat, and initial nuclear ra- 
diation: Negligible or none. 

SHOCK: Sever^^especialjy at fairly^^close . 

distances frorii the burst point. 
Air BLAST: Negligible or none. 

SUMMARY: If the burst does not penetrate 
the surface, either of the ground or 
water, the only hazard will be ^from 
ground or water shock. No other effects 

- will be significant. 
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NUCLEAR RADIATION MEASUREMENT 



Since we cannot hear, see, smell, taste or 
feel nuclear radiation from the fallout, we 
must rely entirely upon instruments in 
order to DETECT its presence and SlEAS- 
URE the degree of danger. In this chap- 
ter, then, we will look at; 

HOW ^ nuclear radiation may be de- 
tected ^ , 

HOW nuclear radiation may be 
measured 

WHAT instruments exist to do the de- 
tecting and the measuring 

^ HOW do instruments operate 

WHY do we need different types of 
instruments 

WHAT are the units we use to meas- 
ure nuclear radiation 

INTRODUaiON 

• 4.1 Man is aware of his environment 
through his senses. He can see, smell, 
taste, hear and feel. Yet, none of these 
senses will make him aware of the pres- 
ence of nuclear radiation. This situation is 
not really unusual. In fact it is .like his_ 
Jnajbility to r^spondi directly to thp wa^es ^ 
of ultraviolet' light and radar, television, 
or radio transmission. For example, a man 
may "receive a serious sunburn due to py- 
0fexposure to the sun's ultraviolet rays, 
yet his first indication of over-exposure 
nray come several hours later when he 
feels pain. In this situation he was not 
aware of the ultraviolet rays during the 
exposure period; however, in a sense, he 
;did detect the ultraviolet light ihdiredtly 
*since lie certainly would be aware of a 
painful sunburn. Similarly, since jn^n qan-^ 
yi6t rel^ on Tiis senses "to detect' nuclear^ 
radiation he must rely on some secondary 
means such as instrumentation. ♦ 
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4.2 At the present time, nuclear radia- 
tion detection instruments are widely used 
in industry and research. X-ray films and 
Geiger counters are items of everyday 
conversation. In this chapter we will dis- 
cuss the principles and theory of operation 
of many nuclear radiation detection in- 
struments, or radiological instruments as 
we will refer to them. These instruments 
are very similar to other types of elec- 
tronic equipment. Their main distinguishr 
ing characteristic is their ability to re- 
spond to nuclear radiation. 

4.3 The term* DETECTION is used ia 
this text to include only the indication of 
the presence of nuclear radiation. The 
term MEASUREMENT will be reserved 
for bath the detection and quantitative 
estimation of the amount of nuclear radia- 
tion present. 



HliNCIPLES RADIATION DETECTION 

4.4 Radiological instruments detect the 
interaction of radiation with some type of 
matter. Th^ different principles of radia- 
tion detection are characterized by the 
iiature qf the. interaction of the .radiation 
Viih the detecting or sensing element, 
^everal types operate by virtue of the 
ioriiz^tiop which is produced in them by 
th€^ passage of charged particles.' In other 
detectors, excitation and sometimes molec- 
ular disassociation play important roles. 

4.5 During the 18'90's, Henri Becquerel 
found that photographic plates, when 
placed in proximity to ores or compounds 
l5f uranium, were affected in the same 
manner as if they had been exposed to 
light. This occurred even when thje plates 
were "protected by sufficient covering to 
assure that the strongest light could not 
affect them.- This date marked the discov- 
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ery of radioactivity, and today this princi- 
ple is still used to detect and measure the 
product of radioactivity, NUCLEAR RA- 
DIATION. 

4.6 The photographic detection tech- 
nique is relatively simple. As a charged 
particle passes through a photographic 
emulsion, it will generally cause changes, 
which will result in a blackening of th^ 
emulsion when the film is developed. The 
photographic emulsion consists of finely 
divided crystals of a silver halide, usually 
silver bromide, suspended in gelatin and 
spread evenly on a glass, cellulose, or pa- 
per base. When charged particles strike 
the emulsion, some sort of ionization not 
well understood takes place. This local dis- 
turbance of the electrons in the^crystals of 
silver bromide creates a latent image 
which is invisible to the eye when formed, 
but which can be developed later by chem- 
ical action. The chemical developer acts as ' 
a reducing agent to deposit metallic silver 
only at those points in the emulsion where 
radiation interacted- and in proportion to 
the amount of radiation which acted on 
the silver salt. The amount of blackening 
op. the film is a function of several factors: 
the time of exposure, the intensity of the 
exposure, the sensitivity of the film, and 
the chemical processes of development. By 
rigidly controlling these factors, the black- 
ening of the film can be made proportional 
to the radiation exposure. 

4.7 A second method of detecting radia- 
tion Wjas again first employed by Bec- 
querel and Rutherford in their early worjc 
with radioactive substances. Certain ma- 
terials will produce small flashes of visible 
Jight when struck by alpha, beta, or 
gamma radiation. These flashes are called 
scintillations. The mechanism of formation 
of these scintillations is very complex but 
essentially it involves the initial formation 
of higher energy (or excited) electronic 
states of molecules (or ^toms) in certain 
materials. Some of the absorbed energy 
which has been derived directly or indi- 
rectly from the^ incident radiation will be 
emitted in a very. short time as photons of 
visible or ultraviolet light. These light 
photons are then converted into an electri- 

current by a photomultiplier tube and 



the current is measured. Since the light 
intensity and the resulting electrical cur- 
rent are proportional to the rate pf radia- 
tion exposure, the instrument can be cali- 
brated to read radiation exposure rates. 

4.8 A third principle for detecting ra- 
diation is based on the fact that many 
substanc^ undergo chemical changes 
when exposed to radiation. This is particu- 
larly true of chemicals in aqueous solu- 
tions where the decomposition of the 
water itself contributes to the reaction. If 
the extent of the chemical change can be 
conveniently measured, t^e reaction can 
be used for measuring radiation. There 
are several chemical reactions which may 
be utilized in this manner. One of the first 
used was the liberation of acid from a 
chlorinated hydrocarbon such as chloro- 
form. Chloroform, water, and an indicator 
dye are sealed into a glass tube. As radia- 
tion penetrates tht tube, hydrochloric acid 
is liberated from the chloroform. The liber- 
ation of this acid reduces the pH of the 
solution and causes a distinctive color 
change in the^iissolved indicator. The ex- 
tent of the color change is an estimate of 
the radiation exposure of the tube. 

4.9 Becquerel's discovery that gases 
become electrical conductors as a result of 
exposure to radiation provides us with a 
fourth means of detecting and measuring 
radiation. When a high-speed particle or a 
photon passes through a gas, it may cause 

•the removal of an electron from a neutral 
atom or molecule causing the formation of 
an ion pair. This process of ionization in a 
gas is the basic phenomenon in all EN- 
CLOSED GAS VOLUME INSTKUMENTS. The elec- 
tron produced may have rather high ener- 
gies and may produce more ionization in 
the gas until its energy is expended and it 

-is ^finally captured by an opposite^ 
charged ion. If two oppositely charged cql- 
lecting electrodes are introduced into the 
gas filled chamber, the ion pairs will mi- 
grate to their respective electrodes. NegSv, 
tive ions will move toward the positively 
charged electrode and the positive ions 
toward the negatively charged one. When 
the ions reach the electrodes, they will be 
neutralized, resulting in a reduction of the 

>diarge on the electrodes. In one type. of 



^ instrument this loss in charge is used as a 
measure of the radiation exposure. Ih an- 
other type, Jbatteries are used to replace 
the chmrge on the electrodes resulting in a 
current flow in the external circuit. Within 
certain limits, this ionization current will 
be proportional to the radiation exposure 
rate. ^ 

* 4.10 In addition to the four principles 
discussed above, there are several other 
. principles whicK may be utilized for the 
detection of radiation, but to date these 
have not been as widely used. 

^ TYPES OF RADIOLOGICAL INSTRUMENTS 

4.11 In the development of radiological 
instruments, the choice of detector is an 
important factor. An equally important 
factor in their design is the. type of infor- 
mation required by the user. Normally 
this information falls ihto two categories: 
the measurement of total accumulated ex- 
posure to radiation, and the instantaneous 
rate of exposure. The first Js referred to as 
an EXraSURE MEASUREMENT and the second, 
as an EXWSUW HATB MEASUREMENT. As an 
example of a situation in which both types 
of information are required, consider the 
following. An area is contaminated with 
fallout. A person is required to enter the 
area and not exceed an exposure of 25 
roentgens. This situation requires an in- 
strument which will measure the total ac- 
cumulated radiation exposure during the 
period of stay in the contaminated area. 
Instruments Resigned io provide such 
measurements' are called DOSIMETERS. 
Next, assume that the operation to be 
performed will jrequire two hours to com- - 
. plete; In orderHo determine if entry into 
the area is practical, it is necessary to 
^know the instantaneous rate of exposure 
to which the person would be exposed in 
the contaminated. area. Instruments de- 
signed to measure exposure rate are called 
SURVEY METERS. 

4;12 It is important to emphasize that 
radiological instruments measure expo- 
sures soiii tot ihsorhed or brobgical dbses. 
Such EXPOSURE is a measure of the 
strength! of the radiation field, wljile the 
AlSORiib DOSE is a measure of the afnoiint 



of energy liberated in the absorbing mate- 
rial, and the IIOtOGICAL DOSE is a measure 
of the biological effect oif a particular ra- 
diation absorbed by an individual. How- 
ever, it is also important to emphasize 
that the ultimate objective for measuring 
an exposure to radiation is to relate that 
to a certain biological response of the ex- 
posed individual. 

UNITS OF RADIATION MEASUREMENT 

4.13 As discussed in Chapter 2, the 
roentgen is the unit of radiation exposure. 
This unit is based on the effect of X or 
gamma radiations on the air through 
which they pass. It is defined as that 
quantity of X or gamma radiation such 
that the associated corpuscular emission 
per cubic centimeter of dry atmospheric 
air at 0° centigrade and 760 mm of mer- 
cury produces, in air, ions carrying one 
electrostatic unit of charge of either sign 
(2.083 X 10» ion p/airs/cc). Since this unit is 
rather large for measuring peacetime oc- 
cupational exposures, the milljroentgen, 
. which is equivalent to 1/lOOOth of a roent- 
gen, is frequently used for measuring 
'small exposures. Since dosimeters meas- 
ure exposure, they measure in ROENTGENS 
or MILLIR0ENT6ENS, while survey meters, 
which measure/fexposure rates, measure in 
ROlNTGENS per hour or MIUIROENTGENS per 
hour. It is important to note that the roent- 
gen applies only to the measurement ofX 
or gamma radiation^ and does not apply to 
the measuremeritf of alpha or beta^ radia- 
tion. ' 

4.14 These units of exposure and expo- 
sure rate are related by a time factor 
analogous to the relationship between to- 
tal distance traveled and speed. For exam- 
ple, the total distance from Battle Creek, 
Michigan, to Detroit, Michigan, is approxi- 
mately 120 miles. A person leaving Battle 
Creek and averaging 40 miles per* hour 
would- require three hour^ to travel to 
Detroit. Similarly, if a person .entered a 
radioactive contaminated area where the ' 
exposure rate was 40 roentgens per hour 
and remained for three hours, his total 
accumulated exposure would be 120 roent- 
gens. This, of course, assumes that the 40 { 
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^^06htgens per hour exposure rate re- 
mained constant. Ju^t as it is. difficult to 
. milintain a speed of 40 miles per hour, so 
m'ighi it be difficult 'to maintain a radia- 
, tidn field of 40 roentgens per hour, since 
radioactive materials decay according to 
fbted natural laws. This deca^y will cause 
the 40 roentgens per hour exposiiire rate to 
jSecrease with time. However, if the radio- 
active material has a relatively long half- 
liife, the decrease in exposure rate during a 
three-hour period may be negligible. (With 
fallout, especially in the early hours after 
detonation, the decrease in exposure rate 
will be appreciable during a three-hour 
period.) 

DOSIMETERS 

4«15 As indicated above, it is necessary 
in emergency operations to provide an in- 
strument capable of measuring an individ- 
ual's total exposure to radiation. It is clear 
from the definition of the roentgen that 
the measurement of ionization in air is 
basic to the determination- of radiation 
exposure* In Civil Preparedness an ioniza- 
tion chamber employing the principle of 
.enclosed gas volume has proved most sat- 
isfactory for exposure measurement. 

4.16 To understand- the operation of do- 
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FiGURB 4«16a/— Ghnrged eli^ctroscope* 



Figure 4.16b.—Radiation effect on charged 
electroscope. 



simeters, consider a foil leaf electroscope 
(Figure 446a) consisting of^an outside 
metal shell in which is mounted an exter- 
nally projecting electrode. An insulator 
such as amber or sulfulr insulates the elec- 
trode from the outside case. Two .narrow 
strips of a, thin foil are cemented to the 
enclosed stem of the electrode to form the 
mbving part of the electroscope* Normally, 
windows in the case serve for viewing the 
foil leaves. If an electrical charge is ap- 
plied to thej externally projecting elec- 
trode, it is .transferred through the elec- 
trode to the foil leaves. Because pf the 
mutual repulsion of like charge^, the 
ji.eaVes -will immediately repel each* other 
until the electrical repulsion , is just 
counter-balanced by the gravitational 
force tending to bring therii back together. 
If ^the air in the enclosed chamber is ion- 
ized by radiation (Figure 4,16b), it becomes 
an electrical conductor and this permits 
thevcharge on the leaves to leak away. 
Since the electrical charge is reduced, the 
mutual repulsion of the leaves is reduced 
arid they assume a position cldser to- 
gether. This same principle is basic to the 
operation of dosimeters. The electrostatic 
self-indicating dosimeter used in Civil Pre- 
piaredi^ess is nothing more than a sophisti- 
cated electroscope. 
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Figure 4.17^-^nstruction principles of an electrostatic self'indicating dosimeter. 
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4«17 The dosimeter consists of a quartz 
fiber electrometer suspension mounted in- 
side an ionization chamber (Figure 4.17). 
'The electrometer suspension is supported 
by meank of b, highly insulated material 
inside an electrically conducting cylinder. 
The enclosed air volunie .surrounding the 
electrometer suspension is the ionization 
chamber or the radiation sensitive compo- 
nent/of the instrument. Tlie indicating 
eiefnent-is a five micron (J/SOOO in.) quj^rtz 
fiber which is part .of .the electrometer 

^ suspension, The quartz fiber has. an electr^ 
icaily conducting coating eyapprated- oh its 
.^urface and has theiKame forxn jfactor as 
the metal frame of the eJlecirometer, In^ 
most dosimeters both frame and fiber are 
in the shape of a horseshoe, the fiber being 
attached to two offsets on' the lower e3c- 
trem(ties of the frame. ' . , 

4:i8 The 4osimeter cont^ains an |lectri- 
bai clparcit0r'ln'parallef with* the, electiro- 
metelp suspehsion and tHe chamber wall. 
The range of the dosirheter is determined 
by the sJze of the: cajpad^r, the chamber 
volu^je, the sehsitivit^ of tHe electrome- 
ter, the pressure inside thfe ionization 
chamber and the optical system. Only 
pressure an^ capacitance variation offer a 
wide selection of ranges. Therefore, the 
function of the electrical capacitor is to 

^ change the^rang^ of the.dopinjeter. How- 

' ever, foir.k particular dosimeter, the ran;^e^ 
wiU'be fixed by the selection of the 6apaci- 

^ tor at the time of it? manufacture* 

4.19 Thexharging. switch assenjibly con- 
si)|ts of a bellows and a contact, rod,, which 
is.iloritfaiiy isolated from the el^rctrometer 



suspension. Only when the dosimeter is 
pladed ort a dosimeter charger and the 
bellows depressed: can contact be made 
-"between the rod and electrometer. This 
arrangement provides a very high electri- 
cal resis^^ance, and the hermetic sealing 
allowed by such construction make;? the 
dos^nieter readings essentially inde^endr 
ent of humidity and pressure changes, 

4.20 Focused on the quartz fiber is a 75^ 
to 125 power niicrdscope wh^ch ;naghifies 
the imjai^:e of the qUartz fiber so that it is 
visible. Tlie microscope consists of one ob- 
jective lens, one eyepiece l;ens, and con- 
tains^ a.scale or reticle at th^ real image of 
the quartz fiber. The scale is*" gradua:ted ^n 
roentgens or milliroentg^ns depending on 
the range of the instrument.' 

4.21 In preparation for exposure to rat 
diation, the .do|ih]ieter is .chaf^ged tp^^bgut . 
100 to if 5 volts to -b^ng.^ilil^ima^^^ 
quartz fiber to zero on the scale. (Figure 
4.2i). charging the dosimeter, an exter- 
nal source of electrical , power is .u^ect,^ The . 
ionization chamber is held at^grpu^d po- 
tential and the metal frame and fiber, of 
the electrometer assume the other ex- 
treme of the voltage difference. The fiber 
is repelled from tii\e^ frame since both are 
at the same potential. The position of the 
quartz fiber yirill then^va^ y?ith the poten- 
ti£^l difference. This variance is linear for 
th? voltag;e faijge covered by the scale. 
.When the instrument reads .full iscale, the 
potential difference is not zero but usually 

. some intermediate voltage between 75 and 
125 volts. ^ , ^' 
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Figum: 4.21^Zero dotimeter reading; 

4.22 As the dosimeter is exposed to X 
or gainma radiation, the photons will in- 
teract with the wall of the ioniJsation 

' chf ittber producing secondary electrons 
(Figure 4l22a). These electrons enter the 
sensitive yblume of the dosimeter and ion- 
izie^^^tlie air^^m^^^ Under the influence 

t^e-electrical field in the>chamber, the 
lon jfkitB migrate to the electrode of oppo- 

.sife ;charge and are netuttalizedV This 
<?§tises k dischargre of the 

f cfkMcif'^^^ decreases the poten- 

tial difference^between the' electrometer 
ancl the cbaniber wall. The quartz fib^r 
Wow aisumesa^new position corresponding 
ta the iiew potential difference. This is 
reflected by an up^scale movement of the 




• novmAlpim^htr^^^ electroitatic 



Figure 4.22b<--80 R dosimeter reading. 

hairline image of the quartz fiber (Figure 
4.22bX 

The movement of the fiber is a function 
of the total amount of radiation to which 
the dosimeter is exposed, regardlees of the 
rate of exposure to radiation. 

4.23 If the dosimeter reading is zero at 
the start of a period, the exposure may be 
read directly from, the dosimeter. How- 
ever, any initial dosimeter reading must 
be subtracted frp,m the final reading to 
obtain a correct indication of the total 
exposure. For example, if a dosimeter 
reads 10 rems at the start of a period and 
reads 65 rems at the end, the exposure 
during the period is 45 rems. Performance 
characteristics^ of dosimetera will be dis- 
cussed in the next chapter. 

DOSIMETER CHARGERS 

-^4.24^ The design of ttosimetef cWg^s 
has progressed to the point that the Jater 
models all use transistorized, circuits to 
provide the required charging voltage. Al- 
though some of the earliest chargers were 
not transistoriz'e(|, probably all future 
ones will be because of the ease of op era- 
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-LIGHT SWITCH OPEN 
Figure 4.25a^Inititl condition. 
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Tiptoe 4.1^6b^Re»ding position 
'*CHAR<^ SWITCH CJi^OSEO- 





tlGHT SWITCH CLOSEO- 
PlGUitB 4.25e<— Chftrginsr^posltion. 



_^ tion of the transistorized models and pro- 
longed battery lifers ^ 

4.25' In the transistorisjeB chair^ 
circuit ii powered l>y a singte 1*6 volt bat- 
' tery. The charging contact iirshown in its 
^ imtiW in J^igure 4*2&a. When a 

/ iTosimeter is placed on the^chai^ng con- 
jtact ind pressure is applied, the' light 
swtch d and the bulb lights (Figur< 
4,26b)« However, in this position the doaih 
eier eahhot be charged, since the dpsim^- 
ter charj^ii]^ switch is still open. A^di- 
tipnai pressure must be applied ta /lose 
^ ifiiX swtcli (Fi^^ A transistor o"s- 

oillatpr converts th^ ctirrenfcarom a 
battery to alternating/current 



/ 



id 



so thatT^^^ caii '^stejp up'' the 

batteiy Voltage ih& volts) to me yoltag<j^ 
raquiM^d b^ dosimeter, Tl;»e currer^t is 
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FIGURE 4:25d^implffied diagram df f CD V-750 
dosimeter-charger./ 



then rectified hy a diode ana a^potential of 
220 volts maximum is available at the 
charging.contact. A vpltage control is.used 
tp adjust, the output voltage to the exact 
value required to bring the dosimeter to 
zero. 

4.26 The mechanics of charging a do- 
simeter wit^ this tyjfe of charger will be . 
discussed in the ne;ct chapter. 



SURVEY meter; 

4.27 Our di;^cussipns .in paragraph 4.11 
established tan ;additional requirement for 
a^jinstru^ejnt which woul^ measure^expo- 
sure rate; for use in ^ifrvey operations.- 
This instrament should measure the rate 
of fbrmatton of ion pairs rather than the 
total nutober that are produced- by radia^ 
tion;TM date the end gas volume prin- 
ciple Jias again proved most satisfactoiry 

4^3 There are two types oif Civil, t^re- 
p^^-edness exposure rate instruments 
lich depend on the principlie of electrical 
loUectibri.pf ions (enclosecj gas volume) for 
th^ir operation. The., characteristics o?f 
each depend mainly, on the voltage at 
which the enclosed gas vplumjB is operated. 
Tp understand theii* operation, it as neces- 
sary to investigiate the behavior of ions in 
ah eleciiicai fieldr A system for investigat- 
ing this behavior is illustrated in Figure 
4.28. ir'consists of a chamber filled with 
air in which are . fuced two parallel metal 
plates to act as electrodes. The. electrodes 
are connected to a battery in such a way 
that the voltage can be increased steadily 
from zero to several hundred volts. Ame- 




Figure 4.28r-Circuit for measuring the behavior of 
ions in «n electricul fields */ - 



ter is placed in.t^e circuit to measure th,e 
size of the electrical current ^procluced* 

4,29 Normally, the air in the ionization 
chamber will not conduct electricity and 
no current will flcfw in the jexter'nal circuit. 
If a syigle ionizing ratiiatton enters the 
chamber when a sm^ll dif^et4nce of poten- 
.tial is appIie.(l*to the electrpdes, a^number 
of ion pairs will he produced which will 
move to tlpie oppositely charged electrode. 
When .tlfi^se i?harges collect, a current 
pulse will be measured by the meter in the 
.ejrtemal circuit. If a .constant source of 
gamma radiation is used and the . size of 
ithe current .pulse is plotted against the 
voltage applied to the elecftrodes, the 
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FlOURB 4.2d^Pul8e size v&. applied voltage for gamma 
radiation. 



curve in Figure 4.29 will result. For 'con- 
venience, the curve is divideAjJnto fiv/e 
regions. A, B, C, D and E. f tc-^ 

4.30 .When the Voltage applied to the 
electrodes i| low, the eleci^cal accelerat- 
ing force is small. Thus, the ions move 
rather slowly aijd have sufficient time to 
recombme with other iqns of opposite sign 
in the vicinity. The size of the pulse meas- 
4^r^<l will be less than if all of the ion pairs 
formed succeeded in reaching the elec- 
trodes. -As the applied.yoltage is increased; 
the ions travel faster. Their chances of 
t'ecombination are lessened* and the pulse 
size iner€ta'ses. Finally, as the applied volt- 
age is mcreased sufficiently, all ''of the 
primary ion pairs will be collected at the 
ele<*trodes. This voltage is referred to as 
the saturation voltajge. 'As the^electrode 
voltage increases above this point, no. in- 
crease in the size of current pulse is imme- 
diately experienced since all of the pri- 
mary ion pairs have been collected. There- 
fore, the pulse size remains relatively con*- 
stant throughout region B of the curve in 
Figure. 4.29., The actual voltage range over 
which the pulse size is constant depends 
on ^many factors, which include the g^s 
used in the chamber, the pressure of the 
gas, and the distance between the elec-" 
trodes. ^ 

4.31 i Region B of the curve^is referred 
to as the ionization chamber region, and 
instruments designed to operate in this 
region are called ionization 'chaifnber in- 
struments. Since batteries are usually 
u^sedL a& ^the source of electrical .jpq\^er^^^^^ 
lkAT)EF instruments, this region is well' 
adapted for their use* If the operating 
voltage for a particular ionization cham- 
ber is chosen at the upper end of the 
plateau^ the size of the electrical pul^e 
produced by radiation will not vary appre- 
ciably as the electrode voltage decreases 
with both age and use of the batteries. 

4.32. As the applied vbltaAe is increased 
beyond the ionization chammw- region, the 
size of theiffUlse is increased. \^ region C 
of the curve, the increased elecmcal field 
causes tne primary ions Jo gain sufficient 
kinetic energy to^cause secondary ioniza- 
tion of other atoms and molecules m the 
gas. This secondary ionization leads to an 



increase in the size of the pulse, which 
ainounts to an internal amplification of 

^tihtf pulse Jn the-enclosed gas volume^ This 

•'ampirfTcation' increases with applied volt' 
age arid remains linear until an internal 
amplification factor of .approximately 1,000 
^ ia.^btained^ Region C is the proportional 
• region, and instruments operating 'in this 
region are called proportional counters. 
No' Civil Preparedness instruments oper- 
ate in this, range. 

— 4:33~In1;he pr6iJortronal region, a large 
number of secondary ion pairs are pro- 
duced at only one point within the en- 
closed gas volume. However, when the ap- 
plied voltage is increased further, the sec- 
-^ondary ionizati&n'^ occurs throughout the 
enclosed gas voHime. Therefore, since the 
amplification is so great in the Gejger 
MuUer region, the &ize of the pulse is 
^^almost independent of the number of ion. 
pairs produced. fhu§H?ne initial ionizing 
event '^occurring within the^.enclosed gas 
^^.^olumelwilHnitiate an-ELECT AVA- 
LANCHE (explained in paragraph. 4.46) 
M^hich 'will spread quickly throughout the 
entire tube.' Instruments operating in this 
region will produce one large pulse for 
each ionizing event to which the tube is 
^ subjected}. Gas amplification factors of the 
torder^of lOO million are common. 

4;34VWhen the operating Voltage ex 
/ceeds^ the Geiger MuUer region, it, is so 
< high that once ioniza^l^i^akes place in 
the gas, there is a contintious discharge of 
electricity §o that it cannot, b^ used for 
ibunting purposes. The upper end of the 
Geiger MuUer region is marked by this- 
brealcdpwn voltage. 



OffiRAtlON OF ION CHAMBEt SURVEY 
METERS 

4.35 The development of ionization 
chamber- Bu rvey meters has also pro- 
gressed to the point that the later models 

!9*?!?*tion chamber survey meters and 
probably future models wi|l usre a> modifi- 
cation of the simplified schematic circuit 
drawn in Figure 4,35. Th^ basic compo- 
nents of this circuit are: (1) an ionization 
ch.amberv (2) a jsource of electrical power, 
aricl (Sj a measuring circuit consisting of 



an electrometer tube and aii indicating 
meteV. 

4,36 1 The detecting element of the in- 
strument is an hermetically sealed air- 
equivalent ionization chamber. It consists 
of a conducting cyliiidrical container of^ 
plastic and^steel called the sheU §|id a thin 
conducting' dislc, whi(?h is locatecJ in the 
center of the shell, caUed the collector. 
These are respectively 'the positive and. 
negative electrodes and are insulated from 
each other by an extrem*ely high resist- 
ance feed-thru insulator. A collecting volt- 
age 'is applied to these two chamber elec- 
trodes. 




Figure 4.35.-~SimpIifled circuit diagram for a Civil 
Pi'cparedhess ion cH<f6bef survey meter. 

^ 4.37 When the instrument is exposed to 
radiation, some of the energy of the radia- 
tion field is absorbed within the walls of 
the ionization chamber. As .a re.sult, elec- 
trons are ejected from the walls into the 
air contained withir^ thqj'chamber* As 
these. electrons traverse the chamber, 
they create a considerable amount of ioni- 
»z'ation in the air. tbider the influence of 
the electric "field existing between the 
.cKamber electrodes^ the ions move^to the 
electrode having the opposite charge; .that 
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is, positive ions move toward the collecting 
disk and the negative ions toward the 
shelL The arrival of these ions at the 
electrades constitutes a current, the mag- 
nitude of which is proportional to the num- 
ber of ions collected. Since the number of 
ions created is proportional to the radia- 
tion exposure rate, this ionization current 
is pr^ortional to the exposure rate in the 
_ ionization ^ihamber, ^ ^ 

4.38 *A very small ionization current 
^(approximately 0.00005 microamperes at 
full scale on the most sensitive range) 
flows through a "high-meg" resistor and 
develops a measurable voltage. Thiss^olt- 
age is applied to the grid of a vacuum\ube 
called- an electrometer tube because it\is 
capable of measuring voltages at exy- 
tremely small current values. The electilo^ 
meter tube* is connected as a triode. Its 
three elements are: (1) the filament which, 
when heated by current from the 1.5 volt 
battery, emits electrons, (2) -the grid, 
which controls the flow of these electrons _ 
according to the voltage applild to it, and 
(3) the plate, which receives the electrons 
and passes them to the circuit in the form 
"of a measurable current, 

4.39 -i Measurement of the grid voltage 
of the electrometer tube is accomplished 
by metering' the change in plate current 
(Ip) directly: With-^he" selector switch in* 
the zero positioh, the high-meg range re- 
sistor .is removed from the grid cii;'cuit so 
' that no signal voltage tan be developed as 
a result of any ionization chamber cur- 
rent* The quiescent value of the plate cur- 
rent is then exactly balanced by the buck- 
ing current (r^ so that the resultant cur- 
rent* thfough^ the meter is zero. The buck-" 
ing current is adjusted by^infeans of the 
zero adjust potentiometer. 

4.40 When the selector switch is pla(^d 
in a range position, one of the high-meg 
rarfge resistors is reinstated into the grid 
circuit. The, ionization current, therefore, 
produces a positive 'signal voltage across 
this resistor, which in turn results in an* 
increase in the plate current. Thus, the 
resultant current througfh t*ie mgter is no 
longer .zero and the meter measures tthj?, 
increase in plate current. Since this 
Akftiige is proportional to the magnitude of 



the radiation field, the meter scale Can be 
calibrated directly in roentgens per hour. 

4.41 Prior to use for' measuring ej^ 
sure rates, the static plate current must 
be .cancelled by the reverse filament cur- 
rent to obtain zero meter current (zero 
reading), at zero radiation levels. Since it 
will probably be necessary to zero the 
instrument in a radiation field, a section of 
the selector switch is used to short oUt^the 
high-meg resistor and prevent any ioniza- 
tion signal from being sensed by the grid 
circuit. Thus, when the selector switch 
(Figure 4.417 is. in the zero position, zero 
radiation conditions are duplicated and 
the zeroing process can be accomplished 
even In tl^e presence of a high radiation 




Figure 4.41^SeIector switch and zero control 

4.42 The proper functioning of the 
measuring circuit including the batteries 
may be checked by turning the selector 
switch t(r?he circuit check position (Figure 
4.41) and observing the meter xeadingh. In 
this position, a predetermined voltage is 
impressed on the grid of the electrometer 
tube to make the meter read approxi- 
mately full scale. Deterioration of any of 
the components of batteries in" the circuit 
will change this reading. Therefore, this 
voltage can be used to check the entire 
circuit mtUt the exception of the ionizaton 
chambered high-meg resistor. 



4.43 All radiological instruments 
should be calibrated prior to their initial 
field use md periodicalUr thereafter. 1^ 
may be^done by usih^ft calibrated^ source^ 
of radioactive materj^l. If the instrument ' 
does not read properly when placed in a 
radia?tidfi field of known exposure rate, the 
calibration control can be adjusted to give 
the desired meter indication correspond- 
ing to the-knownTeX|)OBtire rate. 

4-44 Sensitiyity of the instrument is 
changed' by switching high-meg resistors. 
This is accomplished by the selector switch 
(Figure 4.41). On each ra^nge the meter 
jreading must Tbe multiplied by 0.1, 1, 10, ' 
and 100 to obtain the measured exposure 
rate. ~ ^ , ^ 

OPERATION OF GEIGER COUNTERS 

4.45 Geiger counter jopjeration i^^b^sed 
on the ionizafiorf oFgaseT similar to the 
operation ot ionization chamber survey 
Hietefs. Jh th^Honization chainberTnstru- 
ment, a very small current is developed, 
amplified, and then measured on a sensi- 
tive meter. The current is smooth in ch^ 

--^acler since the many ionizing events ar3 
averaged* Geiger counters differ materi- 
ally in that the current flow is not smooth 
but'it is,delivered in^^urges or pulses. 

4.46 Geiger counters take advantage of 
the extreme gas amplification that can be 
obtained when' high accelerating voltages 
are'Happlied to the electrodes within the 
chamber. As ion pairs are formed in- the 
gas^ they will move with increasing veloc- 
ity toward th^' electrodes until either re- - 
combination or collision with another air 
molecule occurs. The average distance be- ^ 
tween« successive collisions is referred to 
as the mean free ^ path. If the mean free 
path is small and the accelerating voltage 
relatively high, each ion will gain onl^ a 
small amount of energy between collisions. 
As the operating pressure of -the Geiger 
tube is reduced, the mean free path is 
increased, causing the jpns to gain addi- 
tional^energy between collision^. When the 
kinetic energy of the ions is ^ sufficient, 
they will cause seeondalrv ionization. 
These secondary-ions will klspjbe acceler- 

• -ated- by the electrical field and will pro- 



duce further ionization. This cumulative 
increase in ions is similar to a single rock 
precipitating an avalanche and is^ theie^ 
xiore, often referred to as ELECTRON AVA- 
LANCHE. This avalanche may produce as 
many as 100 miUipn other ion pairs for 
each initial ion pair produced in the cham- 
ber. The gas amplification factor Of the 
tube under these conditions would be 
about 100 million. 

'4,47. Consider a Geiger tube filled with 
a gas, frequently argon or neon, to an 
absolute pressure of ten centimeters of 
mercury and exposed to a constant radia- 
tion intensity. If the number of pulses per 
second occurring within the tube is plotted 
against the voltage applied to the elec- 
trodes, a characteristic curve similar to 
Figure 4.47 is produced. This curve differs 
from the curve in Figure 4.29 in that the 
nu^bjer .of , pulses is -plotted against the 
applied voltage rather than the size of the 
pulse. Since^ under the^ operating condi- 
tions placed oh the tube, no gas amplifica- 
tion occurs at low voltages, there is a 
threshold below which no pulses will be» 
recorded. As the^voltage increases and the ^ 
gas amplificatipn factor increases, the 
number of pulses increases. At first, only 
the most ionizing particles would be 
counted and the weak ones lost. As the 
voltage increases, however, practically ev- 
ery particle entering the tube will be 
counted; When this condition occurs, xhe 
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Figure 4.4V^Number of pulses vs. applied voltage 
for a Geiger tube. 



^ curve will flatten out. This is called the 
Geiger plateau and it is desirable that it 
be long and flat so that the counting rate 
does not depend strongly upon the applied 
voltage. Above the Geiger plateau voltage, 
the tube goes into a continuous discharge 
state and is not suited for counting pur- 
poses. 

4.48 Avalanche formation will take 
place in the vicinity of the central wire of 
the Geiger tube, since here the elecJiric 
field is high and each electron on its way 
to the central wire acquires sufficient en- 
ergy for further ionization in each mean 
frfee path. Tl^us, a large number of elec- 
trons and positive ions will be formed near 
the center wire in the first avalanche. The 
elections having a small mass and already 
positioned close to the central wire will ^ 
move toward it with high velocities and 
wilf be completely collected in about one 
millionth of a second. The heavier positive 
ions travel more slowly out to the nega- 
tively charged cylinder. This causes a posi- 
tive ion cloud or space chaise which re- 
duces the electric field and stop^^e ava- 
lanche formation. In about one ten thou- 
sandth of a second, the positive ions or 

- space charge will reach the cylinder wall. 
As a positive ion approaches very close to 
the cylinder, it will pull an electron from 
the cylinder and hfi converted to a neutral 
molecule. GeneraHy, the eledtron will * 
move into one of the upper energy levels of , 
the molecule resulting in ah excited molec- 
ular state. The electron will move to the 
ground state and in so doing may produce 
photons in the ultraviolet region which 
will have sufficient energy to liberate pho- 
toelectrons from the metal cylinder. With 
high tube voltages, this single photoelec- 
tron will start a second avalanche and 

^thus the entire process will be repeated*^ 
over and over again. Tbis-^repeatecf dis- 

^chafge must be stopped and the tube re- 
stored to its initial condition if the tube is 
to be used to measure radiation. T?he proc- 
ess by which thes tube is prevented from 
* repeating the discharge is called quench- 
ing. ^ 

4.49 Quenching may be accomplished 
either electronically or by adding a suita- 
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ble gas to the Geiger tube. Utilizing a 
suitable electronic circuit, the operating 
voltage of the Geiger tube can be momen- 
tarily reduced below the voltage required 
for a self-perpetuating discharge as sooQ 
as the avalanche begins. Other Geiger 
tubes, called self-quenched tubes, utilize a 
small amount of alcohpl or halogen gas to 
quench the discharge. In this ^ase, both 
argon and alcohol molecules participate in 
th^ avalanche. As the positive ions mi- 
grate to the electrode, the-argon ions hav- 
ing an ionization potential of 15.7 volts 
collide with alcohol molecules with an ioni- 
zation potential of 11.3 volts. This differ- 
ence in ionization pptential causes the 
charge to be transferred to the alcohol 
molecules *and only these ions reach J;he 
electrode. As they approach the electrode, 
they will pull electrons from the cylinder 
wall. The energy of the excited states of 
the alcohol molecules .will dis5associate 
other alcohol molecules rather ^han cause 
further ionization. The self-perpetuating 
discharge is prevented in this manner. 
' 4.50 Since some of the quenching gas is 
disassociated at each discharge, the sup- 
ply is constantly depleted and the Geiger 
tube will have a limited useful life of about 
one billion coupts. Halogens, particularly 
chlorine and bromine, are currently being 
used as .quenching gased in argon-filled 
counters and have some advantages over 
the alcohol-quenched tubes. Since the hal- 
ogen atoms will recombine after the disas- 
sociation process, tub^s filled with this gas 
will ^have essentially an unlimited life. 
Halogens, however, are extremely re'kctive 
gases and great care must be exercised in 
choosing electrode materials. 

4.51 Figure 4.51 illustrates a typical 
^ simplified circuit diagram of a Geiger 

<50unter. The Geiger tube Qonsists of a thin 
cylindrical .shell ^hich serves as the cath- 
ode, a fine wire anode suspended along the 
longitudinal. axis of the shell, and a small 
amount of a quenching gas. A potential of 
approximately 900 volts is applied between 
the two electrodes. 

4.52 When radiation penetrates the 
tube, a gas molecule is ionized. The result- 
ing ion pair is accelerated toward the elec- 
trodes by the electric field. Because of the 
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high accelerating voltages^ the creation of 
adSitional ions is very rapid, thus produc- 
ing a discharge (avalanche) in the tube. 
This Tdischarge results In a puls^ in thV^ 




Figure 4.61^Simpnfie4 circuit of a Gciger counter. 



'external circuit* The fre*quency of such 
pulsesus proportion.al to the strength of 
the radiation field. The small amount of' 
halogen gas in the tube serves to stop each 
discharge' and restore the tube to its ini- 
tial condition. , ^ 

4.53 ^^e^ulse output from the Geiger^ 
tube is amf^lified by conventional elec- 
tronic means and then measured by a_ 

— sensitive^meter^hieh-s^msnip-the=^^ 
tion effects in the form of a reading in 

— either-counts-per minute-or, in-the-c^ise of^ 
gamma rays, milliroehtgens per hour. In 
addition to the meter indication, most 
Geiger counters are provided with head- 
phones which detect the pulses from ihe 
Geiger tube and produce an audible click. 
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RADIOLOGICAL EQUIPMENT 



Having covered the theory of radiologi- 
cal instrumentation in the previous chap- 
ter, we are ready to move to the practical 
aspects of detecting and measuring nu- 
clear radiation. This m^ans it is time for. a 
< look at the various types of radiological 
equipment available and the different sit- 
uations in which each item would be ap- 
plied. In addition to learning what we 
have in the way of different pieces of 
equipment, we will also be shown: 

i WHAT the equipment can do 

WHAT it cannot do [ 

WHEN to use a particular piece of 
equipment 

HOW 1^0 check it, operate it and care 
- for it 

radiologic;al instrument 
requirement^ 

5.1 There is no exact equivalent of com- 
bat experience upon which to base the 
requirements for Civil Preparedness ra- 
diological equipment. However, extensive 
tests of nuclear weapons under known 
conditions have indicated the kin^ and 
extent of residual radiation that coiriji^re- 
suit from the use of such weapons. The 
knowledge gained from these and other 
types of experiments makes it possible to 
relate radiation conditions to biological ef- 
fects bn [man and thus establish equip- 
ment requirements. 

5.2 Because of the many variables as- 
sociated with the detonation of a nuclear 
weapon, Jt is not possible to predict accu- 
rately the radiation levels that will result 
from fallout. Furthermore, n6 single in- 
strument meets all of the operational re- 
quirements that njight result from a nu- 
clear attack: Therefore, icViae c£i:j)abHity 
for radiation measurecment is required. 



DCP^has developed several instruments 
6hat, together, provide this.Wde monitor- 
ing capability. These instruments fall into 
' two distinct'classes: , _ _ 

Radiation survey meters for use by mon- 
itoring personnel in. determining contami- 
nated areas and radiation exposure rates*, 

Exposure measuring instruments (do- 
simeters) fteeded by all Civi} Preparedness 
workers such as fire fighters, first aiders, 
rescue teams, and radiatioh monitors who 
have to perform their emergency duties in 
contaminated areas. 

5.3 SURVEY MCTERS provide the iriforma-. 
tion required for locating contaminated- 
areas and for eetimating the degree of the 
hazard. Since it would not be practical to 
compute your total radiation exposure 
from surviey meter measuremenffs if the 
exposure rate varied during the exposure 
period, D09METEIIS are also needed for re- 
cording the total amount of an individual's 
exposure. Estimates of total exposure and 
related biblogical effects can be made on 
the basis of exposure rate measurements, * 
decay rates, and probable exposure times, 
but these estimates should be used for 
planning purposes oply. Determination of 
actual exposure timfes and exposures dur- 
ing emergency operations must be based 
on both the expodure rate, as read on 
survey meters, and on the total exposure 
as indicated by dosimeters. ^ 

5.4 Alpha, beta, and gamma radiations 
may be present in radioactive fallout. 
Sinte the hazards from these radiations . 
will be discussed in detail in later chap- 
ters, it suffices here to indicate that 
gamma radiation is an external j hazard 
and, under certain conditions, beta radia- 
tion may also be an external hazard. In 
Uddition; thesfe three types of radiation 
may be intetnal hazards. 
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5.5 Alpha radiation does not present an 
external hazard, since it will not penetrate 
bjeyond the surface layers of the ski^. Al- 

_ pjia emitters nmst get inside the body 
Before they can cause appreciable damage. 
Bfecause alpha emitters will probably not 
ptesent a significant Hazard relative to 
t\\e beta and gamma hazard immediately 
f4)llowing a nuclear attack and for some 
time thereafter, and further, because of 
tJie difficulty in developing portable alpha 
Measuring instruments, DCPA does not 
j^rovide a standard instrument sensitive to 
'this type of nuclear radiation. During the 

/ recovery phase, the determination of the 
seriousness of the "alpha contamination in 
food and water will probably be accom- 

- plished by laboratory-type instruments. 

MEASURING BETA AND GAMMA 
RADIATION 

5.^ "Smce the biologicareffects of beta ^ 

and^ ^amma^ radiation differ, radiological 

instruments must discriminate between 
them. Measurement of beta radiation is 
complicated by the very wide range of 
energies of these particles. Most beta de- 
tection instruments will not respond to 
extremely low energy beta particles. How- 
ever, that portion of the beta radiation 
that can be detected should be detected, so 
that its proportion to the total radiation 
^xposuxe-can he-determined. This is neces- 
asHryJto estimate possible damage by each- 
type of radiation. It should be noted, how- 
ever, that the units of measurement used 
on radiological instruments to show accu- 
mulative exposures and exposure rates of 
gamma radiation are the roentgen and the 
roentgen per hour and the roentgen is 
defined in terms, of X or gamma radiatiQU 
exposure in air. Therefore, these units do 
not relate directly to measurements of 
beta radiation. Consequently, meter indi- 
cations of beta radiation can be inter- 
preted only in a general way. 

6.7 The sensitivity requirement of a ra- 
diation instrument depends upon the type 
of information itis expected to provide. An 
instrument used to measure the contami- 
nation of personnel, food, watef, equip- 
ment, or living quarters must indicate ' 
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very small amounts of radiation above 
normal background radiation. This type of 
instrument would therefore have little use 
in jireas ofjheavj^ contamination. 

5.8 To provide adequate monitoring, 
portable radiological instruments should 
be capable of measuring gamma exposure 
t-ates as high as 500 R/hr and also indicate 
when exposure rates exceed this figure. 
Measurement above this amount is not 
necessary for portable survey instru- 
rfients, because a higher level of radiation 
would be so dangerous as fo preclude fur- 
ther surface operations. 

5.9 When surface level exposure rates 
are very high or when rapid monitoring of 
large areas is required, aerial monitoring 
may be practical. Survey meters designed 
for this purpose must be extremely sensi- 
tive in order to give correct readings of 
radiation levels on the ground. Remote 
reading instruments used to indicate ra- 
diation levels outside fallout shelters are 
also required and should indicate gamma 

exposure rates up to at least 500 R/ht. ^ 

, 5.10 Within the entire group of radiol- 
ogical instruments developed by DCPA, 
the capability exists for measurement of 
ionizing radiation exposure rates ranging 
from-^ a minimum of natural background 
radiation to a maximum of 500 R/hr. This 
wide range of measurement capability is 
considered adequate for all operational 
needs. ^ ^ 

TYPES OF DCPA RADIOLOGICAL 
INSTRUMENTS 

5.11 Each of the DCPA radiological in- 
struments ^yill be dvscussed in terms of its 
uses, significant operating characteristics, 
important specifications, and the care arfd 
maintenance to be accomplished by the 
instrument operator or monitor. | 

^CD V-700 

5.12 The CD V-700 riadiation survey 
meter (Figure 5.12) is 1ff>^highly sensitive 
low-range instrument that can measure 
gamma radiation and discriminate be- 
tween beta and gamma radiations. DCPA 
recommends its use primarily in long-term 
clean-up and decontamination operations.* 
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FIGU^ 5J2^D V^7^ lowrange ^^eU-gamm 
survey itieten 

5.13 The instj^ient can also be used in 
training prograitis where low radiation ex- 
posure rates will be encountered. The de- 
i^Jitihg etemen^ of the CD :V-7bO is a 

^ ^Jf^iger 'tube ^^s^^ so that only the 

gamma exposure rate is measured or beta 
and gamma cian be detected together with 
the shield open. A headphone for audible 
indication is supplied with this instru- 

, ment^ . 



fMPOiitANTSPECIFiCATidNS OF THE CD 

1. RANGE: 0-0.5, 0-5.i0, 0-50 milliroeiit- 
^ens^pefcih.our. ' ^ 

i)ETEiclB: beta and gamma radiation. 
AcctJRAcy: ± 15^ <tf trile exposure 
rjit^tovcicdbMyO or cesium 137. 
Response time.- 9*5% of final readiiig 
in approxinjateiy 8 second 

T^B»4raRA'ryft|; iiMtromiht shall oper- 
ate properly from - 10" F to + 125" P. 
6. ]Prb^6re: ir^trurfint shall^perate- 
properly from sea level to 25,000 feet. 
JAMiam: exposure rates from 50 mil- 
liroentgeris per hour to 1 roentgen per 
, llptir lhall readings. 
& Light SfmTIVlTYi direct sunlight 
8h«ll= not^ affect the opei-ation of the 
r -inslruniehtir . 
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9. Electromagnetic interference: 
the instrument shall operate properly 
in normally encountered electromag- 
: netie fields, . . _ 
lOf.OPERXTlbNAL CHECK SOURCE: aTper^ 
manently sealed radioactive source 
shall provide a reading of 2 mR/hr ;t 
6.5 mR/hr when the probe, with beta 
Shf^Bld open, is held over it 
tl. Battery ^,ipb: lOO hours continuous 
use (minimum), 

bPERATOR USI, CARE AND 
MAlNtENANCt OF THE CO V^700 

, 5;U J?a<^eWea,— Whenever the instru- 
ment tails to respond to the radioactive 
source on the side of the instrument, check 
the batteries. Replace bad batteries in ac- 
cordance with the insltructions in th^ man- 
ual accompanying the instrument j 
During extended storage periodsl the 
batteries should Ije removed from' the 
instrument arid stored in a cooL dry 
place, ' ^ , 

Battery contacts should be inspected 
monthly, and any dirt or corrosion pres^nt 
should be removed. .Whenever the i^stru- 
men^4s not in use, MAKE CERTAIN it Is 
TURNED OFF; otherwise, the batteries 
will' be depleted and^ the instrument ren- 
dered ineffective.' / . . 

5,15 Oeiger TuU^The Geiger tubes in . 
theaater niodels of the-C^ ¥-700 a^e^halo- 
geii ^quenchisdi so that their bpeir^ting life 
is tinaffeoted bx use-andVtherefore, rarely 
.requi3:e<replad^ineri HTb^ever,. wlien freVh; 
batteries axtB installed and;the instrument 
does not work jcorrectly> jt-maX ]be lieces^r. 
sary to replace the G^iger tuTbe, To check 
for a faulty Geiger tube, Replace the sus- 
^ p^cted tube with a good tube from a prop- 
erty |bperatirig?^GD V'-^m ' . 

^•^6 Headphones. r^it the operator 
chooares tp use the heaSphohes with ^e 
instrument^ they may be screwed into the 
connector provided at the lower left corner 
of the instrument cover. 1^^ using the 
headphohe> the operator will note that 
each pulse or count is indicated by a dis- 
tinctly aiidible click. When the headphones 
al^e not in use, the protective cap on the 
^^adphone ^^^iceptade sh^^^^ 

' ' ' ,/ , ' • ' - ^ ^ . 
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5.17 Carrying Strap.— The instrument 
jnay be carried jn the hand or by, a strap 
oVer the shoulder. The .strap anchors are . 

' arjanged in such a way that the meter is 

-visible, wheiri carried over the,right .ahoxtk,^- 

: def, . \ ■ 

5.18 . Cpntroi*.— There is only one pon- 
trol on this instrument for the operator's 
use. This control, called the selector 
switch, includes ah off position and three 
rfi^h^e^, labeled X l6o, X iO, and X i. On' 
the X l;i;he /X-itO and-X-M^^ 
meter readings must be multiplied by a 
factor of^lv 10, and lDO,Jcespjectively^ to 
obtain the^measured exposure rate. 

5.19 Operational Check. — The selector 
switch should be turned to the X 10 range^ 
Tl^e beta shield on the probe should be^ 
rotated to thej fully open position and the 
.pjohe placed as close as possible to the 
radioactive sample located either on the— 
bpttom surface of the case or underneath 
the manufacturer's name plate (see in- 
strunlent manual). The open, area of the 
probe must be^4irectly facing the radioac- 
tive sainple.*^^ mfeter should be adjusted 

\ toiTjbad 2 .5 milliro^ritgens per hour. No ] 
external radiation must be present when 
^making ithis.^checkfc The source should be 
used tpV deter inine the oper^bility of the 
instrument .onlj;. It is not intended to re- 

, pjaceihe need for calibrating the instru- 
ment against a known source. 

. 5.20 [Calibration.— rThe instrument 
should be calibrated periodically to verify 
that itis n^easuring correctly. . 

. . 5.21 Cop^tamination. — ^At .all times the 

'[ pperator^shduld attempt to prevent radiol- 
.o&cal cq the instrument, 

particularly of the probe. In case of con- 

. taminatibri, the instrument can be cleaned 

Vby.a cloth dampened in a inild soap solu- 
tion. \ 

5.22 The CP V-t715 (Figure 5.22) is a 
high-range gamma survey meter for gen- 
4faT postattac^ operational use. The de- 
^/tecting element off the CD, V-715 is an 
ionization.charnber. The instrument is de- 
...jjjgned for ground survey and for use in 
/ fallbut shelters* It will be used, by a radiol- 



Figure ] 5.2Z.^Cb Yr-lXS, hi^-ringc gaihm* survey 
matter. 



ogicaP monitor for the major portioiLof 
survey requirements in the period immedi- 
ately following a nuclear weapon attack. 
The CD V-715 ha's replaced the now obso- 
lete CD V-710 mediuit-range 0-50 R/hr 
gamma survey meter. 



IMPORTANT SPECIFiCATiONS OF THE CD 

V4715 

1. Range: 0-0.5, 0-5.0, 0-50, 0-500 roent- 

operate from -20** F. to 110^ P.- . . 

2. Detects: gamma radiation only. 

3. ACCURACY: ± 20% of true exposure rate 
from cobalt 60 or cesium 137. 

4. SPECTRAL DEPENDENCY: ± 15% for, 
gamma radiation energies between 89 
keV and 1.2 MeV. 

5. RESPpMBJ?IMES: 95% of final reading 
in 9 sGfconds. , , 

6. Temperature: instrument shall oper- 
ate properly from - 20* F to + 125° 

7. PRESSURE:«-4nstrument"-shall operate" 
properly from sea level to 25,000 feet. 

8. JAMMING: exposure rates from 500 
roehtgens per hour to 5,000 roentgens 
per hour shall produce off-scale read- 
ings at the high end. 

9. ELECTROMAGNETIC INTERFERENCE: in- 
strument shall operate properly iri nor- 
mally eilcountered electromagnetic 
field*: " ' 



OMEKAtblt^S^, CARE AMD 

6:23 Bttttme^.—Bjattery^irepl^ is 
norin^ljifeye^iu^^^ wheneyejrthe insteu- 
raeiit cah. no longer be zeroed or when the 
jn^ter indicates below the **ClRCUIT 
CrfECK ^AND". Batteries should be re- 
placed in accordance with; the instrjiction 
in the instrument manual. // the instru- 
ment to be stored for more than a few 
Wek8^,yth^ batteries should be removed and 
stored in a coot dry location. For instru* 
ment^vinACoritinuous use, batteries should 
be reihoved monthly and the battery con- 
tacts cleaned of any dirt or corrosion pres- 
ent. 

5.^4 Controls, — Two controls! are pro- 
vided. One ccmtroi; the selector switch, has 
seven positions: circuit check, off, ssero, X 
100, X 10, X-l, anAX 0.1 ranges. On the X 
O.U Xl, X 10, and\X ipp ranges, the meter 
readinjgg 

();1,% 10, aricl 100 respectively injorder to 
oiii^hjth^ measured exposure rite; The 



second control, the zero control, is used to 
adjust the meter reading to zero during an 
^operational ch6ck, 

6.25 Carrying Strap.— The instrument 
is equipped Avith a carrying strap which 

' may be adjusted to any length to suit the 
, operator. . 

6.26 Qpe^tional Check.T^r^uvn £he s^-. 
lector svHitch tpjhe zero pp:sitiQn, wait a 

-minute or^two :for thi^ e j^ptrbmeter tu to 
warm up and adjust the zero control to 
make thb meteir read zero. Turn the selec- 
tor ^^itfch to the cxtcuit check positi^ort. 
The m^ter sKpwld read within the red 
banc?: marked ^'Circuit Check". As the se- 
lector switch is turned through th§ zero 
ppsitioii to the four ranges, recheck the 
zero setting;. Tnxn the selector switch to 
tfXeJX JlOp^ X 10, X 1, and X 0.1 range. 
When ho radiation the reading 

should not be more^than two scaje divi- 
sfon^ uj); scale. If difflctilty is encountered 
witli any step in the operational cTieck, - 
refer to the instrument manual for correc- 
tive |)rocedure. Many mpdels have inter- 
i wMch Way^. g;<>rrecfc the 

...^ * -difftfeulty; T)utihg norma! uie,Jthe QjS Vy 



715 should- be zeroei^, frequently^ at least 
every half hour. * 

5.27 Calibration.— The CD V^715 
should be calibrated periodically tavejrify 
"thte accuracy of its measurements. 

-5.28 Contamination. — The operator 
should attempt to prevent radiological 
cojitamination of the instrument' at alt 
times. In case of contamination, the iri- 
stlniment can be cleaned by a cloth damp- 
ened in a mild soap solution. 

5.29 Modification (CD Ar-:717).~^<^me , 
of the CD V^715's .are e^uijppe^d by the 
manufacturer with a removable ionization 
chamber attached to 25 feet of cable. This 
modification, called the CD V-717, pro- 
vides, a remote reading capability^ for fal- 
lout monitoring stations. The ^operating 
characteristics are identical to the CD V- 
715 except that the removable ionization 
chamber must be placed outside the*shei- 
ter in an unshielded area and protected 
from..possible contamination hy placing it| 
in a bag or cover of light-weight material.* 
All readings majT then he, observed from 
within the fallout monitoring station. 
After the early periods of heavy fallout 
and the reqLuii:ement for a remote reading 
instrument diriiinishes, the removable ion- 
ization chamber should be checked for con- 
tamxnatipp with the CD y-700i decontami- 
nated if necessary, and returned to the 
case. The CD V-7i7 ms^y then be used for 
ptHexs ni pnitpring operations. 
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^IGtme Siadir-Crx V-720,'bett"gamma survey meter. 

^\ ^ ^ 

. 5,30 The CD y~720 (Figure 5.30) is a 
high range (0-500 R/hr) beta-gamma sur- 
Vfey meter designed' for postattkclc use By 

^ hjonitbrs. It will be used in high-level* con- 
taniiriaition areas where civil preparedness 
operations are necessary and for making 
higjj-rerei beta radiation determinations. 
M^Iq^ of the Federal agencies maintain a 
siwi^Je number of these instri[^entsr to 
fulfill* titeir special requirements. The de- 
tecting element of the CP V-720 is an " 
ioriizatiorl chamber, shielded so that 
gamma radiation only can be measured^ or 
both b(Bta and gamma can be detected with 
the shield opeh.| j 

QPERATQR USE, CARE AND 
MAfNtj^ANCE OF THE CD 

.5.31 The use, care, and maintenance of 
the CB y-720 j^re simila-r to the use, care, 
and mainteh&hce of the CD V-715. (Refer 
.to paragraphs 5.^3 to 5.28 fcit details;) . 

CDDO$IMlTERS . 

5.32 Personnel who must work in con- 
taminated .ateas require radiation, inte- 
grating instruments to keep them continu- 
ously informed of their exposure. For this 
purpose DjOPA . recommends the use of the 
'Self4tt(lijciating quartz-fiber electrostatic 
dosinietei^CSguieJ^^^^ 



Figure 5.32^CD operajtional dosimeters. 

5.33 DCPA has procured three dosime- 
ters for operational use. These ate the CD 
V-73Q, with a range of 0-2S. roentgens,- the 
CD yr740, with a range 6f ft-lOO^roentg^ns^ 
and the CD V-742, with a range of 0-200 
roentgens. The CD y-730 is used when a 
monitor expects small repeated exposures 
over a long, period of time. The CD V-740 
.and CD V-742 dosimeters are recom- 
mended for use when personnel could be 
accidentally expqsed to large doses of ra- 
diation. They should be used when person- 
nel are. required to enter fields of high 
radiation or remain i|i low radiation fields 
for long i)eriods during, postattack sur- 
vival arid recovery missions. After current 
stocks of the CD y-730 and CD V-740 are 
depleted, DCPA will procure and issue the 
CD y-742 only. For training purposes, the 
^ CD V-138 with a range of 0-200 milliroent- 

gens is recommended. 
« 

• IMPORTANT SPECIFICATIONS OF THE CD 
DOSIMETERS 

1. BanGB: CD V~138 0-200 milliroent- 

gens 

CD V-730 0-20 roentgens 
^ CD V-740 0-100 roentgens 
CD V-742 0-200 roentgens 

2. Detect: gamma radiation. 



a. ACCURACV; ± 10% of true exposures 
*from cobj^lt:6;o or cesium 137 " 

4. Spectral i)Ei*ENDEN.cir: + 20% of true; 
expdsure for gamma radiation energie"! 
Ibetween 50 keV and 2 MeY. 

5. Electrical leakage: CD v-780 and 

CD ^5-742. Beginning ten minutes, after 
exposure, leakage shall not exceed 5% of 
full scale in a four-hour period. Begin-* 
nirig 48 hours after exposure, leakage 
shall not exceed 2% of full scale in 96 
hours. . • . 

CD V-740. Leakage shall not exceed 2% 
of full scale in 24 hours. 
CD V-138. Be^nning 10 minutes after 
exposure, leakage shall not exceed 5% 
of full scale in 4 hours. Beginning 48 
hours after exposure, leakage shall not 
exceed 3% of full scale in 48 hours. 

6. Geotropism: reading shall not vary 
more, than ±4% of full scale when ro- 
tated^about the horizontal axis. 

7. TEMPERATURE: instrument shall oper- 
. ate properly from -40° P to +150" P. ' 

8. PRESSURE: instrument shall operate 
jproperly from sea level to 25,000 feet. 

9i SHOCK: instrument shall 'operate prop- 
erly after four d,rops from a height of 

- four f eet onto a hard wood floor. 

OPERATOR USE, CARE AND ^ 
MAiNTENANCE OF f HE DOSJMRf R, 

5M. Mqinfenance.—iJb maintenance 
should be performed by the user on the 
8elf-in3ic;^ting electrostatic-dosimeters. 

- 5.35 pare.— When the instrumertts are 
received, {the operator should check the 
ability^ito -zera the- dosimeter, check its 
response to ra(^iation,-and check its electr- 
icial Jei^ikage characteristics. V^hen Using 
th'e dosimeters, the operator should keep, 
the hairline as cljjse to-^ero as possible 
and should prevent the dosimeter from , 
becoming contaminated. When not in use, • 
the dosimeters should be charged and sto- 
red in a .dry.place. 

-5.36- Since inost electrostatic dosime- 
ters.iwill require a "soaTc-in" charge 'after 
iqng-tem storage , in an uncharged condi- 
:tion, such dosimeters should be charged 
and; the reading observed for a few hours 




Figure 5.37^CD V-750, dosimefer cViarger. 



before use. A second charging may be re- 
quired before the instruments are ready 
for operation. 

CD V-750 

5.37 The CD V-750 dosimeter ch^ger is 
used to read and charge self-indicating 
electrostatic dosimeters (Figure 5.37) A 
sta^idard 1.5 volt flashlight cell is used as 
the source of electrical power. 

IMPORTANT SPECIFICATiONS FOR THE 
XD Y-750 , - 

1. iiHSHTj^oURCE: instrument must pro- 
vide illumination for reading and/or 
charging the dosim4ter. 

2. Te.MPERatuj^E: instrument shall oper- 
ate properly from -20* P to +125° P. 

3. PRESSURE: instrument- shall operate- 
properly from sea level to 25,000 feet, 

4 SHOCK: instrument shall operate prop- 
erly after 6 four-foot drops onto a hard 
wood floor. > 

OPERATOr'uSE, CARE AND 
MAINTENANCE OF THE CD V-750 " ^ 

' 5.38 ■ Batteries.— The 1.5 volt flashlight 
cell should be replaced when the lamp 
dims noticeably on actuating the charging^ 
Switch. Replace bad batteries in accord- 
ance with instructions in the instrument 
manual. WHENEVER THE INSTRU- 



MBNT IS STORED FOR MORE THAN A 
, PEW WEEKS, THE BATTERY SHOULD 
BE REMOVED TO PREVENT POSSIBLE 

5*39^ Ok^raifonar~To read a dosimeter, 
\ riertipye the dust cap ftom the charging 
, ^Cpatact^plac^/the:.dftsim^ theNcharg- 
and- press nghtly to light the 
_JaTaip..Be^ and replace tlie 

dus^ cover w.h^n finished. The dosimeter 
iL2cs^ alsqt.be read by holding it toward any 
. fight source sufficient to illuminate the 
cairline. To*.charge^ 'dosimeter follow^the 



'V ; ^^procedure printed on the CD V-750. 



CDV^57 

5.40 -Tbe CD V-457 (Figure 5.40) is a 
Geiger counter which has been especially 
des^igned for classroom demonstration use. 
It operates- on- A normal 110, volt AC power 
supgl^and produces both visible jand audi- 
, jble ri^ponses to nuiHear radia^^ 
instrument ia u^ed in teaching Jbasic nu- 
cjear rad^^^ and for decontami-^ 

tiatf^n d^^ ---r- 




RGURB.5..40^D-Vr457, cUssroom dem 
unit. 



Cp;V^778 

5,4f >he CD y-7?8^ millicurie Tr^ain- 
ing Source Set e<msists of six Cobalt 60 



Figure 5.41/— Sealed source capsulear, open and 
sealed. 



sealed sources (Figure 5.41) and accessory 
equipment. It should be noted, that this 
Training Source Set has been designed 
specifically for use in training exercises 
and is riot intended as an accurafe calibra- 
tion source. 

„ ^5^J2...Xh^CDJ^-T7;8Tra^^^^^ 
consists of the following items: 

6—5.0 mCi .Cobalt 60 Sealed Sources 
iot^ling 30 mCi, CD V-784 
. 1— Lead Container, small (CD V-^791) 

1— Lead Container, medium (CD V- 
792) ^ ^ 

2— Lbclcs for Lead (Container CD V-792 
I'— Long-Handled Tongs for Handling 

Sources (CD ¥-788) ' 
8r-R^diation Area Signs ^ 
. . 2--0-i00,mR Dosimeters (CD ¥--138) 
i;;j)osimeter Charger (CD ¥--750) 
l_Geiger Counter (CD V-7a0) 

CjD;V-794' *• ^ 

• 5.43' The CD V-794 (Figure 6.43) is a 
calibration unit containing a Cesium 137 
iSource of approximately ^.30 curies. The 
primary shield jjjcomposed of depleted 
uranium, and is shaped to beam the radia; 
tion from the radioactive cesium into a 
shielded exposure'chaifnber. Interposed in 
the radiation beam path is ah attenuator 
disk by means of Which radiation levels of 
0.4, 4,-40, and 400 R/hr are produced in the 
exposure chamber. Jigs are provided to 




properly position the instruments during 
calibratipn. The range switch and calibrat- 
ing pbtentiometers are adjusted through 
flexible linkages leading outside of the ex- ' 
posure chamber. The unit is designed to 
proyiide suitable protection from radiation 
hMhtd^ to the operator. - 

5,44 The Barrier Shielding Demonstra- 
tpr Se^^^^ Ci) Y-767> is a low range radiation 
detection instrument cpupled-^td^i neon 
^ iightjed remote readout indicator that^is 
readily visible in jarge conference rppms 
6r nm^li auditoi&msrHWtfc th larg^, indfj- 
cjatpr, a Jecti>rer can show how radiation 
from a radioactive source is affected by 
disiance^.andj shielding. 

A^«mal^ arriount of cesiuin 137,. which 
i^yeH ok ^^mrtik rays, is housed in a leafe^i,. . 
Kail 1^ in the demopstyatjon plat- ^ pAl 

form* A hdie in the platform leads to the 



beamed vertically. The aperture is nor- 
^ m^lly closed by a- tungsten plug whiqh is 



cesfiuni spUrce, and gamma radiation is 




Figure 5.48^CD V-.7$4, culibration.unit. 
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f¥ .^jsa^^ iii pio^ftion. .Mounted directly 
VC .^c^^r^r^t^^^^ a Gei^lr Myller tube that 

■"S.^ i&^htli^n hedm \yhen the tuhg- 

; ^^;>ste^ - , . 

% J5y. pJH^^ng^ l*«diation absorbing mate- 
■rial<)y:e^rj^ hole, the intensity of 

IS attenuated, result-. 
; anj^sin %li^^ readout. Conx- 

>^ . ^^parj^n^^^ absorbing materials 

f>^mBde b^^^ placing tVem^ in 



BPsjtattack oj)eratiottaJjise in slow low- 
flying aircraft. The CTJ'^TSf wil). be used 
by specjiaily trained, monitors. The four 
major, cpmponejnits of the CJD y-781 aerial 
^uryey^ |el arer detectofTanit (three 
Geiger-Mueller tubes); Aletering-unijt with 
"three range dialf^e^O^ 0-1,0 B/hr, 
and 0-10 R/hr); siniulatof uh||7with dials 
correspoirding io ^he inetering unit; and a 
magnetic tape recorder. 



IMPORTANT SPECIF^pTiONrOF THE CD. 

h RANGE: p-O.l, O-L0, and 0-10 roent^ 

2. DETECTS:. gamma. radiation only. . 

3. AGCURAqy;>fcf rat^e 
from Gobai|;/6^^r Ces.m 

4. .GalibratiON^ is. performed by the 
' State maintenapcfe shops^ 



tlS'.l^^"';^^^^^ -iSB^.^-^ai,. Aejrial Sixrv^if lAe^ 







.5; 

'7. 

.1 

10. 
11. 



12. 



13: 



TEMPERATURE: the instrument will 
pperatp from - 20° P. to X10*T'. 
;HuMrorrY: to 95%: : 
ALTfrUDE^- to 2a,000 feet; preferably 
below 1,000 feet. 

OPERX-^gWltME: 40 "hours on nine 
flashlight batteries ("D" cells). . ' 
Tracking error; between the simula- 
tor Sials^nd the metering dials shall 
not belifo^e than10%! 
■Reading time: not less than 15 sec- 
onds—preferably 1 minute. 
Shock and. vibration: instrument is 
designed to withstand .notanal shock 
and vibration encountered in small 
aircraft operationi 

Detector unit: contains three 
Geiger-Mueller tubes similar to the CD 
V-700. The detector unjt should be 
carefully handled when installing bat- 
teries.. 

Warmup miE: 2 minutes. 




the metering unit into, the aircraft, the 
^ instrument ^should ])e operationally 
checked with-the use of the simulator unit 
The following procedures should be uscS^^ 
1. A|;tach the cable of 'the metering, unit 
tor the connector provided on the siwr 
ulator unit 
, 2. Position the j)ower switch on the me- 
' tering Unit to "Batl^rjr^' power posi^ 
tion anH^^jJJSw the instrument s war- 
mup period of at least 2 minutes. 
^ 3. By rotation of the meter-reading con- 
trol knob on the simulator unit, check 
each of the three meters at half scale, 
* 4. Starting with the metering control 
knob in the extreme^counterclockwise 
position, slowly rotate the knob clock- 
wise • The tracking error between the.; 
meters of the simulator unit and cor- 
responding meters on the[,metering 
unit should be no, more than 10% at 
any siijiulated exposure jate. ' , 
5:^7 The audibroutp^ may be^ checked 

— 1^^^ -^'^ the h e^giset to th e meterim ^ 
zmiiTThe'aud^^^^^ 




to 275 cycles per second (within one or two 
notes of Tniddle CX for normal radiation 
background. The audio output can be oper- 
ated with the simulator unit \ 

'5.48 Aft^ installation of the CD V-7gl 
Aerial Survey KTeter into the aircraft, the 
operational check is performed as follows: 

1^ In^lifei^enl Battery Supply 

a. Observe meters prior to turning on 

" \ instrument. Meters should indi- " 
eate zero within one scale division 
(the instrument has no zero ad- 
justment). . 

b. Position the power switch on the 
metering unit to the •'Battery'' 
power switch position and^llow 
the instrument a w^^ period x>f 
at least 2 minutes. 

c. Observe the meters after warmup 
period. Meters should continue to 
indicate zero within one scale divi- 
sion when only normal backgrou^M 
radiation ia present. In the event 
external radiation from fallout \ 
prohibita-Jthis ^eck, it shoul^' be^* 
assunfed the instrunj^nt is operat- 

/ing properly if it indicates radia- 
tion levels atfbve normal back- 
ground. 

d. Tress the "'Batte^ Check*' switch. ' 
The 6-0.1 R^r met'er should read. 



. at, or slightly above, the battery 
check point. ^ < 
2. Aircraft IPower Supply . \ 
' a. MVhen the aircraft electrical p5xv«r 
^ source is used, position the power 
switck on the metering unit to the 
*Tlane" power position, 
b. Repeat steps c and d, above. ^ 

THE TAPE RECORDER 

5.49 The manufacturer's manual sup- 
plied with the recorder indicates precau- 
tions to beybserved an4 t^rovides detailed 
instruction^ for operation. A monitor €|x- 
pecting to lise the recorder shouldpractice 
using jt until be is proficient bolfh on the 
ground and in flight. Tlie recording and 
playback of preliminary survey informa- 
tion will provide a check 'of the recorder's 
operability. Prior to a mission, the "Bat- 
tery Voltage Indication''. should be ob- 
served and batteries rep^ced^if requiredV 

REFERENCjES - 

Handbook^ for Radiological Monitors. — 
FG-E-5.9^ April 1963. Ins^ment manuals 
accoml)an.ying each instrument. / 

Handbook. for Aerial Radiological Moni- 
tors^FG-JJ-^.'&.lj July 1966. - ^ 
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Now we are ready for a closer look at our 
enemy—RADIOACTIVE FALLOUT. We 
have learned how it is produced through a 
nuclear detonation and we have learned 
how to measure it when it arrives. This 
prompts a question: 

Must we wait untiAfallout actually ar- 
rives before we canVlecide where it is 
going and what to do about'it? 

. . . and the answer is . . . 

True enough, we cannot detect nor can 
we- measure fallout before it arrives biit we 
definitely do not have to just sit and wait 
for it Although it may appear that! the 
jFallout makes its own rules, Its movement 
is affected by a number of elements, some* 
of which we can measiilre. This lets us 
make predictions about the behavior of 
fallout, to estimate its location. In short, 
when w& take our close look at fallout in 
this chapter, we^will see how RADEF tech- 
niques can provide life-saving and morale- 
supporting warnings of the direction of 
fallout mo.vement. We will see: 

y WHY * there is fallout 

HOW* fallout is,formed 
"^HQW , it is spread 
. WHAT influences that spread,,. 

WHERE is fallout most likely to land 
, WHEN ^ to expect it 

INTRdbUCIION \ . 

6.1 ^'Fallout/' is one of those woi^ds 
which defiixe themselves. Say the* word/ 

' an'^a you have grasped i^s es^setitial mean- 
ip^f the fallback'to e^rth- of radioactive 

'particles prod'ueed by the detonation of a 
>^uclear wieapon. is only when we begin 

' ' . >. \ 



to learn more about fallout that we start 
, to lose sight of this central and simple 
idea. Words lik? "clean bomb" and^irty 
bomb"; "early fallout" and "worldwide fal- 
lout"; "fission products" and "fusion prod- 
ucts"; "local fallout" and "late fallout"; 
"swface burst" and "air burst"; "stron- 
-tium 90" and "carbon 14'-' makelife wonder 
if we know what fallout is after all, despite 
that built iri definition. So, let us look at 
these words and see what they -mean. 

SOURCES OF RADIOACTIVE MATEWAL 

6.2 Let us first consider wlfere the ra- . 
dioactive material in fallout comes from? 
How many soirrces are there and are all 
equally important? , ^ ^ ' 

6.3 When uranium orplutonium are^fisr 
sioned the heavy atoms are split into 
small^jT atoms and a vast amquiit of en- 
ergy \i released. Millions wpon miilions of 
these atomic nuclei are spljtor fissioned jn. 
the explosion of a nuclear weapon. About 
200 different isotopes of about 35 elements 
are produced as fission products. Most of 

' the^e are radioactive, decaying by^emis- 
^ion of beta particles frequently accom- 

. panied by gamma radiation, Th^^e fission 
products constitute t[he largest single 
source of radioitctive material in the Fal- 
lout. . ' ^ 

6.4 What about the radioactiyjty of the 
fusion products? The different fusion reac- 
tion§ used in fission— fusion typ^ .^reapons 
may: produce" tritium (a radioactive hydro- 
gen isotope) and the neutrpns produced in 
the reaction may cause the formation of 
radioactive*carbon (carbon 14) from the 
nitrogen in the air. However, the carbon 
14 produced is small relative to that por- 
maH^ present in the atmosphere. Only in- 
sofar as possible genetic effects might the- 
oretically be incurred over the nejct sev- 
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aral thousand years could carbon 14 or 
tritium be considered passible hazs^rds. 
Otherwise, fusion products are neglected 
-as an iTtTportant source of radioactive ma- 
terial contributing to the immediate post- 
attack survival problem. ! 

6.6* The uranium and plutonium which 
.may have escaped fission in the nuclear 
weapon represent a further possible 
source of residual nuclear radiation. The 
fissionable isotopes of these elements emit 
alpha particles and also some gamma rays^ 
of low energy. However, because of their 
very long half-lives, the activity is very 
small corrtpared with that of the fission 
products. 

6l6 It will be seen later that the alpha 
particles from uranium ^nd plutorfjum, or 
^from radioactive sources in general, are 
completely absorbed in an inch or two of 
air. This, together with the fact that the ^ 
particles, cannot penetrate ordinary cloth- 
ing, indicates that uranium andplutonium 
-deposited on the earth do not represent a * 
serit)US external hazard. Even if they ac- 
tually come in contact with the body, the - 
alpha particles emitted are unable to pen- 
; . '"etrate the unbroken skin. 

6c7 The last source of-radioactive mate- 
rial to be considerefd is the neutron in- 
duced activity. The neutrons liberated in 
the Tissien process, l)i}t which are not in- 
volved in the propagation of the fission 
chain] are ultimately captured 43y the 
weapon materials through which they 
must pass before they can escape, by ni- 
^trogen (especially) and oxygen in the at- 
niojspherje, .and' by, various. elements pres- 
^ ent in the earth*s surface. As a result of 
capturing neutrons, ^^ubstances may be- 
come radioactive. They^ consequently, 
emit beta particles, frequently accom- 
panied by gamlna radiatioh, over an ex- 
tended peri^od of time following ^he explo- 
sion. Such neutron-induced activity, there- 
forcr i^ part of the residual nuclear rkdia- 
tibn, , 

6.8 The activity induced in the weapon 
materials is highly variable, since it is 
V greatly depen^Je^nt upon the design or 
structural chatacteristiqs of the weapon. 

* PftriiKraiiha «.5 throfrjjh 6.18 «rc rcpnnts of Selected partjcmphji 
O I The lBffcct» of J^ucJeiir Weapons. 
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Any radioactive isotopes produced by neu- 
tron cap%ire in the residues will remain 
associated with t^e fission products. In 
the period from 20 hours to 2 weeks after 
the burst,- depending t6 some extent upon 
the weapon materials] such isotopes, as' 
uranium-237 and -239 and neptunium-239 
and -240 can contribute up to 4p percent of 
the total activity of the weapon residues. 
At other times, their activity is negligible 
in comparison with that of the fission 
products. 

6.9 An important contribution to! the 
residual nuclear radiation can also ^rise 
from the activity induced by neutron cap- 
ture in certain elements in the earth and 
in sea water. The extent of this radioactiv- 
ity is highly variable. The element which 
probably deserves most attention, as far 
as environmental neutron-induced activ- 
ity is concerned, is sodium. Although this' 
is present only to z small extent in aver- 
age soils, the jamount of radioactive so- 
dium-24 formed by'heutron capture can be 
quite appreciable. This, isotope has a half- 
life of 15 hours aad ehfite both beta parti- 
cles, and more important, gamma rays of 
relatively high enefgy. 
*6*.10 How much radioactive material is 
available for distribution a^ fallout? 

6.11 At i minute after a nuclear explo- 
sion, when the residual riudear radiation 
has been postulated as beginning, the 
gamma-ray activity of the 2 ounces ot fis- 
sion products f/cQxn a 1-kiloton fission yield 
explosion is comparable with that of about 
30,000 tons of radium in equilibrium with 
its decay products. It is seen, therefore 
that for explosions in the megaton-energy 
range the amount of radioactivity pro- 
duced is enormous. Even though there is a 
decrease from the 1-minute value by a 
factor of over 3,000 by the end of the day, 
the radiation intensity ^yill still be large. 

6.12 It has been qalcylated that if all 
the fission products from an explosion ^ 
with a 1-megatbn fission yield could be 
spread uniformly over a smooth area of 
10,000 square miles,, the radiation expo- 
sure rate after 24 houfs would be 6 roent- 
gens per hour at a level of 3 feet above the 
ground. In actual practice, a uniform dis-- 
tribution would be improbable > *since a 
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large proportion of the fission products 
wpujd. be. depojsited nearer ground zero 
than at' farther distances. Hence, the ra- 
diation intensity will greatly exceed the 
average at points near^he explosion cen- 
ter, whereas at much greater distances it^, 
will ujsually be less. The above example 
does not iijiclude any neutron induced ac- 
tivity. 

FORMATION OP FALLOUT 

6.13 In a surface burst, large quan- 
titles of earth or water enter the fireball 
at an early stage and are fused or vapor- 
ized. When sufficient cooling has occurred, 
the fission products and other radioactive 
residues become incorporated with the 
earth particles as a result of the condensa- 
tion of vaparized -ftssion products into 
fused particles of earth, etc. A small pro- 
portion of the solid particles formed upon 
further cooling are contaminated iairly 
uniformly throughout with radioactive fis- 
sion products'and other Weapon residues, 
but in the majority the contamination is 
found majply in a,thih shell hear the sur- 
face. In water droplets, the small fission 
product particles occur at discrete points 
•within the drops. As the violent disturb- 
ance due tq the explosion subsides, the 
Contaminated particles and droplets grad- 
"^alljpfall bdcfe to^aith.^This effect is re- 
ferred tojas the/;fallout". It is the associ- 
ated radjioactivity in the fallout, which 
decays-over a long period of time, that is 
the main 'source, of residual nuclear radia- 
tions. - \ 

6,14 The 'e:<:tent and nature* of the fal- 
loOt -cun rainge between y/ide extremes. 
*-^e actual behavior will be determined by 
a combination of circum^ances associated 
• with the energy 'yield and design of the 
weapon, the height of the explosion, the 
nature of the surface beneath the point of 
burst, and the meteorological conditions^ 
which we wlPdiscuss later.|ln the case of 
ah air bursty fpr example, occurring at an 
appreciably distance above' the earth's 
.^surface^'so that no surface materials are 
sucked int6 the cloud, negligible fallout is 
prddwced^ Thus at Hiroshima and Naga- 
f saki, where approximately ,50-kiiof oh de- 
ivices were exploded 1,850 feet above the 
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surface, casualties due to fallout were 
completely absent. 

6.15 On the other hand, a nuclear ex- 
plosion occurring at or near the eartk's 
surface can result in severe contar^nationj 
by the radioactive falloufT In the cfese of 
the 15-megaton thermonuclear device 
tested at Bikini Atoll on March 1, 195^ 
the BJIAVO shot of Operation CASTLL 
the ensuing fallout caused substantial 
contamination over an area of more thari^ 
7,000 square miles. The contaminated re- 
gion'^^was roughly cigar-shaped and ex- 
tended more than 20 statute miles upwind 
and over 320 miles downwind. The width 
in the crosswind direction was variable, 
fhe maximum being over 60 miles. 

6.16 It should be understood that the 
fallout is a gradual phenomenon extend- 
ing over.a period of time. In the BRAVO 

' explosion, for example, about 10 hours 
elapsed before the contaminated particles 
began to fall at the extremities of the 7>000 
square mile area. By that time, the radio- j 
active cloud had thinneS out to such an • • 
extent that it was no longS visible.JThis 

„ brifegs up the important facf that fallout - 
can occur even when the cloud cannot be 
^een. Nevertheless, the area of contamina- 
tion which presents the most serious, haz- 
ard generally results ft:om, the fallout of ^ 
vjsible particles. 

6.17 The fallout pjattern from (particles 
of visible size will hWe been established 

. within about 24 hour^ after the burst. This 
is referred to as "early fallout" ^hd is also 
sometimes called "locaP' or "close-in?' fal- 
lout. In additipn, there Js the deposition of 
very small particles Which descend very 
slowly over large areas of the.earth's stir- 
face. This is the "delayed fallout," also 
referred to as "worldwide fallout,'-' to 
whicKi residues, from nuclear explosions of 
various typefr--air, high-altitude, surface, 
and shallow subsurface— may contribute.. * 

6.18 Although the test of March 1, 1954 
produced the most extensive local fallout 
yet recorded, it should be pointed^ out that ; 
the phenomenqn was not necessarily char- / 
actefistic of (nor restricted to) thermonu- * / 
clear explosions* It/ is very probable that if 
the same device had' been detonated at an '( 
appreciable distanjce above ,the Coral Is- 
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-land, so that the large fireball did not 
touch the surface of Ihe ground, the early ^ 
fallout, wenld have been of insignificant 
proportions. 

WHAT GOVERNS THE LOCATION OF 
EARLY FALLOUT— { 

6.19 There are several factors goverRc^ 
ing the location of early fallout. These are: 

1. Kind of weapon; 

2. Yield of the burst. 

. 3. Altitude of the burst. 

4. Height and dimension of the cloud. 

5. Distribution of radioactive particles 
within ^the cloud. 

6. Radioactivity associated with various 
particle sizes. 

7. Rate of fall of the particles. ' 

. 8. Meteorological conditions, ijicluding 
wind structure to the top of the cloud| 
, j arid any type of precipitation. 

6.20 These factors are so interrelated 
;that-Jt:is iilmQst impossible to isolate the 
feffect's Q0ahy one factor with pi-ecision. 
H6\^ever, 4t is possible to discuss the gen- 
eral significance of each factor. 

: 6,21 Kind of Weapon. — Since the fusi6n 
products do not make a significant contri- 
bution:rof radioactive mate#ikL ,Jo.-fallout, 
even wh4n tfre weapon is a thermonuclear 
one (i.e., fusion is involved), only tl^e fis- 
sioft Afield of ,w given udeapon is important 
•l^n determikingdhe total amtmnt ofradioac- , _ 
^tive: fallout. :Fox example, although the io- 
tal* ainouni of radioactive material pro- 
duted'>voui^ be approximately the same in .' 
a 1 tiiegatdn 50% fi^sioi^ weapon and 
a 2 meg^t;pk 25% fi^sipn yield weapon, the 
¥esu1tiri^ falldiit: patterns would probably 
dilffei^. because of the greater height ob- 
tained by the 2 megaton cloud. . ^ " 
. ^.2^2 Altitude of th^ Burst (This is a 
crucial factor). — The fraction of the total 
radioactivity of the bomb residues that 
appear in the early fallout depends upoi;!^ 
the extent that the fireball touches the 
surface, ThuSj^jthe proportion of the availa- 
ble activity ^contributing, to earjy fallout 
inqreases^ as the height of t)itrst de^creases 
,anjd more,of theiireball conies into contact 
O lx'the;^arth; / . ^ . 



6.23. Height and Dimension of the 
Clav^. — It is obvious that the physicaL^e 
of the cloud at the time of stabilization 
will have aA effect on the distribution of 
early fallout.. The height to which the indi- 
vidual particles are carried principally de- 
termines how far downwind a given parti- 
cle size will drift, and the horizontal ex- 
tent of the cloud affects the width of the 
area over which fallout will occur. 

6.24 The eventual height reached by 
the nuclear, cloud depends upon the en- 
ergy of the bomb and upon the tempera- 
ture and density of the surrounding air. 
The greater the amount of energy liber- 
ated the greater Will usually be the up- 
ward thrust due to buoyancy and so the 
greater will be the distance the cloud as- 
cends. It is probable, however, that the 
maximum height obtainable by the nu- 
clear cloud is affect^ed by the height of the 
tropopause, which is the boundary layer 
between tlie relatively sta^e air of the 
[stratosphere and the more turbulent trop* 
osphere. (See Figurej5.24.> J 

> ^ '^"^ ' 
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Figure 6<24w—f hf earth's atfposphere. 



6.25 The height of the tronopause is 
'usually slightly above 50,000 f^et in the 
tropics and at 30,000 to 40,000 feet in mid- 
dle latitudes in the summer. In winter, in 
the middle latitudes,, it is somewhat lower 
on the average than in^fhe summer. For 
smaller kiloton. \yeapons.the height of the 
tropopause generally limits, the height of 
the nuclear cloud, fiven for larger si?e 
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Figure 6;2^>— Representative nuclei detonation cloud heights. 



weapons in the megaton range, the devel- 
Opraent of the cloud slows down as the 
cloud builds up-into the stratosphere. 
Thus the lower the tropopause, the less 
the total height of the cloud. Figure 6.25 
-illustrates^ rough* estimates of some possi- 
ble cloud heights under "typical" condi-' 
tions^ ^ / . 

^^.26;:;.^J^^ of Radioactivity 

ivitkin ike' clpud^^^ 6.26 summa- 

rizes the distribution of radioactivity 
within the, nxiclear/ cloud; You will note 
; that approxiJnat^ activ- 
:ity:isaoca^^ the cloud and <5ftV 10% or 
less in the stem sectioh; j^ith tj|e, bulk of 
the activity in the base of tlje :cloud. ItMs 
furtfiejr assumed that thI'Jbulklof the ra- 
dioactive kh&t contributes to 
eariy fallbut will be at or i below about 
; SOjOOOrfeet. Abpye this a%^ the J^rti- 
: : cl%.i^il^^^^^^^ finely divided 
r^^stf t^: t^^^^ itiost tp' the 
v^yprld^^ ' ^ . . ' - 

"^^^6)27: Amount of :Radipa^^ As^^ociJj 
\^^}0m^ Si'iS€s:~tTom 
iBxi)enmentar .evi(ie|xc^^ radioactive pfarti-^ 

: ;cres M^^^ 

rahging from: Toi tal^OOO micros (A mi- 



, croii is I millionth of a meter). It is ijuite 
possible that even smaller particles exist 
Mnce the lower limit of this range is tHe.. 
limit of the resolving power of the electrop^^ 
microscope. To detennine the fallout pafer-ig 
terns from a nuclear detonation Jt is nec- 
essary to know the distribution of the total 
radioactivity among particles of various 




"GJ^f 2?^Di8tribution of r«dip|i.ctivity. 
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siles. Knowledge in this. area is still rather 
limited because of the diffifculty in obtain- 
ing large and representative samples of 
radioactive debris from a nuclear cloud. 

6.28 I Bate of Fall of Panicles.— The par- 
ticles carried up into the atmosphere by a ^ 
nuclear detonation are acted upon by 
gravity and carried^by the winds. Since 



'wind directions and speeds usually vary 
from one level to another, each particle 
follows a constantly changing course, and 
changing speed asMt falls to earth. The 
rate of fall depends upon the particle size, 
shape and weight and the characteristics 
of the air. The stronger the wind in each 
layer the further the particles will be car- 
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ried in that layer. The faster the particle 
falls^ the less influence the wind will have 
on it and the closer to ground zero it will 
[ land. The higher the altitude at which it 
begins to -fall, the longer it will be carried 
by the wiild, and under most conditions — 
when the winds at different altitude^ do 
not oppose one another— the farther it will 
travel. (See figure 6.28.) 

6.29 Meteorological Conditions.— Winds 
are the principal factor which affect the 
movement of the nuclear cloud. Even with 
the same type, yield, and altitude of deto- 
nation, different wind conditions will pro- 
duce different fallouy)atierns of irregular 
shape. The speed antTvertical shear of the 
upper air winds will also affect the concen- 
tration of ra$lioactive material^ on the 
ground. A fallout pattern under conditions 
of strong winds uloft would differ from 
that of weak winds in two ways. First, the 
strong wind would spread the material 
over a larger area tending to reduce the 
concentration close to the source. Second, 
at a given distance .the fallout would ar- 
rive soon6r and would have had less time 
to decay. 

' 6.30 The United States has a variety of 
upper air winds. During the winter, spring, 
and "fall seasons the United States .winds . 
are prirnarily the "prevailing westerlies " ' 
By this it is meant that the winds oyey the 
United States blow more frequently ifrom 
the western quarter than from any -other 
quarters of the compass. The westerlies in 
the middle latitudes become increasingly 
predominant with increasing height up to 
about '40,000'feet. A*t 5,000 feet the winds 1 
are from the western quadrant about half \ 
the time; while at 30-40,000 feet they are 
from that quadrant about three-fourths of 
the time. Above 40,000 feet, the percent- 
age of westerljr winds again decreases* 

&.31 The predominance of westerly 
wind direction changes with the seasons. 
Upper winds blow from the west more 
often during winter than during summer. 
The increase in frequency of other direc- 
tions in the summer is more pronounced in • 
the southeastern portion of the country, 
where dit*ections become 'variable at all 
levels. Along the Pacific Coast, the winds 
blow l^ss constantly from the west than in 



other sections of the coUfitry. Southwes- 
terly* an<I northwesterly winds. are more 
common. Above 60,000 feet, easterly winds 
occur frequently in all seasons and are the 
rule in summer over most <rf the United 
States. I 

6.32 In describing direction of fallout 
from the point of detonation (G2^ground 
zero), the terms *'upwind" and *'dowri- 
wind" are often used. The **downwind'' 
direction is the dire^ion tpward which the 
wind blows, while **upwind" rtieans against 
the wind. When applied -to fallout,^ the 
terms upwind and downwind will apply to 
the resultant or total effect of all the 
winds through which the particles have 
fallen. An upwind component results from 
the very rapid expansion of the cloud in all 
directions immediately after detonation. 
The disturbances at the time of the explo- 
sion will deposit radioactive material in 
upwind and crosswind directions- for rela- 
tively short distances from ground zero. 

6.33 Since the direction of fallout is de- 
termined by winds up to at least 80,000 
feet, and since winds in the upper air 
frequently are quite different than winds 
at the surface, surface wind directions 
cannot be used as an indication^ of direcr^ 

,tion of flow of high atmosphere winds. itli 
not at all uncommon to hav^^ ea$t, south, 
or north winds at the surfaqaand westerly 
winds aloft. < - 

6.34 In consid^^ting the possible area of 
fallout, yjind speecl is as important as wind 
direction. Depending on particle size, the 
direction determines the sector tp which 
they are carried; and the speed governs 
how far they will travel before coming to 
the ^arth. Wind speeds over the United 
States generally are less in the summer 
than in wi^nter at all heights and above all 
sections of the United States. The onlyj 
exceptions would be during the passage of 
hurricanes or tornadoes which produce 
very strong surface winds in the warm 
seasons. This difference between seasons 
is greatest in the southeastern portion of 
the country, where winds become particu- 
larly light and variable in the summer*. 
During the wintei^, upper winds along the 
Pacific Coast generally have lower speed 
than in any other section of the United 



States, Wind speeds increase with altitude 
from the surface up to a level between 
30,000 and 40,000 feet|. Above this level 
they usually decrease in speed until at 
60,000 to 80,000 feet they become rela- 
tively light. 

6.35 The winds of greatest speed us- 
ually occur between 30,000 and 40,000 feet, 
winds exceecling .50 m.p.h. being the rule 
all over the country in winter and in the 
northeast in the summer. In this layer, 
winds greater than 100 m.p.h. are at times 
experienced over all areas of the United 
States, but have been observed most often 
over the northeast, where they are found 
about 25% of the time. In this northeast- 
ern area, winds of 200 m.p.h. occur fre- 
quently, with speeds -df 300 m.p.h. o!b- 
served on rare occasions. The high speed 
winds usualljy occur in narrow meandering 
currents within the broad belt of middle- 
latitude wesjterly. winds, ai^d are called 
"jet-streams". 

6.36 The strongest winds encountered 
by a falling particle, have the greatest 
proportional influence on its total move- 
ments. The strongest winds are usually at 
altitudes in the vicinity of 40,000 feet 
These toinds would hrgely determine the 
Qim^ral direction and length of the fallout 
area, \^lt1ioUgh all the winds^ up to more 
than twice that hejght could .effejptive^- 

6.37 Fallout patterns over the -United 
States would probably differ in shape and'! 
extent. In the northern half of the country 
considerably longer patterns would be ex- 
pected, spreading toward the east because 
of the strong upper air westerly winds. 
The passage of low pressure areas would 
cause shifts from ^ more northeasterly to 
a more southeasterly spread of tlie fallout 
pattern from one day to another. In the 
summer, particularly in the southern part 
of the country, a great variety of patterns 
might be expected with a broad irregular 
sprea*ding in all directions in some cases, 
and elongated streakd in others. It should 
be remembered Also that in tin area where 
several target cities are situated within a ' 
few hundred mil^ of one another, fallout 
from more than one detonation might qccur 

.,a^ place. 



6.38' Variation of the winds by day and 
night has little effect on factors that de- 
termine fallout patterns. Winds a few 
hundred feet aboveground H^-uently 
change from day to night, but those higher 
up, which have the greatest effect on the 
fallout ij^*fSrn, do not follow a daily cycle. 
Cloudiness or fog alone are not believed to 
have a marked effect on fallout, although 
the combination of fallout particles -with 
cloud droplets may result in a faster rate 
of fall. Some cloud types also have upward 
and downward air currents. The down- 
ward currents might tend to bring some of 
the radioactive debris down more rapidly 
than it would otherwise settle. 

6.39 In addition to the wind, precipita- 
tion in a fallout area will affect the radio- 
active deposition. Rain drops and snow 
flakes collect a large proportion of the 
atmospheric impurities in their paths. 
Particles of radioactve debris are 
"washed'^ or ''scrubbed" out of t^e air, by 
precipitation. The result is that contami- 
nated material, which would be spread, 
over a much larger area by the slower flry. 
weather fallout process, is rapidly brought 
down in local rain or snow areas. It is 
conceivable that hazardous conditions can 
occur in rain j^l^as where ordinar>^ fallout 
e^tima^es Jtti^ht indicate a safe condition. 
This scrubbing reduces the amount of con- 
taminstion ieft in the air to fall out far- 
ther doVhwrnd; ^, I 

6.40 Terrain features will also cause a 
variation in the degree of deposition. Hills, 
valleys and slopes of a few hundred feet 
would probably not have a great effect on 
the fallout radiation levels. However, 
large mountains or ridges could cause sig- 
nificant variation in deposition by receiv- 
ing iftxore fallout on the sides facing the 
surface wind. This 'is true for both d|ry 
weather fallout and "rainout". 

, J* 

WORLDWIDE FALLOUT 

6.41 Worldwide fallout by definition is 
much more widespread than early fallout. 
Worldwide fallout is that portion of the 
bomb residues which consists of very fine 
material that remains suspended in the 
air for times ranging from days to years. 
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These fine particles can be carried over 
large areas by the wind and may ulti- 
mately be deposited on "pails of the earth 
remote from the point of burst. It should 
not be inferred from this term, however, 
that none of the fine material is deposited 
in areas"near the explosions nor that such 
mati^rial is deposited uniformly over the 
earth. 

6.42 You will recall that early fallout is 
important only when the nuclear burst 
occurs at or near the earth's surface so 
that a large amount of debris is carried up 
intof the nuclear cloud. Contributions to 
XVorldwide fallout, however, can come from 
nuclear explosions of all typeSy except 
thpse so far beneath the sdrface that the 
ball of fire does not break through and 
there is no nuclear cloud, or those deto- 
nated in outer space. With regard toi the 
mechanism of the worldwide fallout, a^dis- 
tinction must be drawn between the be- 
havior of explosions of low energy yield 
and those of high energy yield. If the burst 
occurs in tlie lower part of the atmosphere 
then^cleai^ cloud from a detonation in the 
kiToton rani^ will not generally rise ^bqye' 
the top of the troposphere, consequently,'^ 
nearly all the fine particles present in the' 
bomb debris from, stjclr^explosions^ will re- J 
hiain in th^ ttoposphere until they are 
evc^n^ually deposited. 

6.43 The fine fallout particles from* the 
troposphere are deposited in a complex 
way, complex, 6ince various processes in 
addition to simple gravitational settling 
are involved. The most important of these 
processes appears to be the scavenging ef- 
fect of rain or other forms of moisture 
precipitation. Almost all of the tropos- 
pheric fallout will be deposited within two 
to three months after the detonation so 
that bomb debris does not remain for very 
long in the troposphere. 

6.44 While the fine debris is suspended 
in the troposphere the major part of the 
material is moved by the wind at high 
altitudes. In general, the wind pattern is 
such that tlie debris is carried rapidly in 
an easterly direction, making a complete 
circuit of the globe in some 4 to 6 weeks. 
Diffusion of the cloud to the north and 
south is relatively slow, with the result 



that most of the fine tropospheric fajlout, 
is deposited in a short period of Weeks in a- 
fairly nai-row band anA encircling the 
earth at the latitude of tne nuclear deto- 
nation. 

6.45 For explpsions of high energy yield . 
rh the megaton range nearly all the bomb 
debris will pass up through the tropo- 
sphere and enter the stratosphere. The 
larger paroles will be deposited locally 
for a surface or sub-surface burst, while 
the very fine particles from bursts of all 
types can be assumed to be injected into 
the stratosphere. Due to their fineness 
and the absence -of clouds and rainfall at 
such high altitudes, the particles will set- 
tle earthward very slowly. Although 
agreement does not exist as to the mecha- 
nism that produces observed differences in 
worldwide fallout, it is now clear that non- 
uniform circulation of stratospheric debris 
bet^yeen the hemispheres is a characteris- 
tic t)f worldwide fallout. Also rio agreement 
exists as to the residence time for \yorid-. 

\wide fallout in the upper atmosphelfe, but 
-it app^^rs to be somewhere between 1 to 5 
year^^ - 

6.46 During its long residence in the 
stratosphere, the bomb residues diffuse 
slowly but widely, so that they enter the 
troposphere at many points over^ the 
earth's surface. Once in the trop.osphere, 
fine material behaves like that which re- 
mained initially in that part of the atmos- 
phere, and is brought to earth fairly rap- 
idly by rain or snow. 

6.47 An important feature of the strat- 
ospheric worldwide fallout is the fact that 
the radioactive particles are, in effect, sto- 
red in the stratosphere with a small frac: 
tion conttnuously dribbling down to the - 
earth's surface. While in stratospheric 
storage, the debris does not represent a 
direct radioactive hazard. In fact, during • 
this time most of the activity of the^short- 
lived isotopes decays away and some of the 
activity of the longer-lived isotopes is ap- 
preciably reduced. Thus, stratospheric 
worldwide fallout is a slow, continuous, 
non-uniform deposition of radioactive ma- 
terial oyer the entire surface of the earth, 
the rate of deposition depending on the 
total amount of bomb debris still present 
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in the stratosphere^ the season of the year 
arid the amount of precipitation. 

.REPRESENTATIOr^ OF EARLY FALLOUT 

. 6;48 In a soroewhat idealized situation,, 
it is -to be expected that, except for the 
very smallest particles which descend over 
.ja ynde area,,the fallout of the larger parti- 
cles fall to earth forming a kind of elon- 
gate(J (or cigar shaped) pattern of contami- 
nation. The shape and dimensions will be 
determined by the wind velocities and di- 
rections all altitudes ^between the 
ground and the nuclear cloud. It should be 
emphasized thai these elongated lallout 
patten^s are idealized^ and an. actual fal- 
lout pattern will not conform. to these pat- 
terns* 

^. . 6.49 At.a. particular tinxe.after the deto- . 
natiori of a nuclear* \Y^^P^^» radiation 
.exposure rate xs apt to be. highest at 
r ground zejfd; and will decrease as the dis- \ 
tance from ^^ound zero increases. This is 
because ^the^ amount of faljout^per unit- 
area i^ alsol. likesly to be less./There is 
another factor that contributes to this de*, 
crease iiuexgosure rate with increasing „ 
..distancewtomt,he explosion. This^factbr is 
time. The Jater times of arrivalvof the 
fallout at these greater distances mean 
. that the fission .products have decayed to 
*s6me extent while the particles were sus- 
pended Jn the air.' 

6;50 Sojme idea of the riianner in which 
a fallout pattern may develop over a large 
^.area during the -period of several hours 
.following -'a-high-yield nuclear surface 
> burst may be seen in Figure 6»50. For 
simplicity of representation/ the actual 
coniplex wind pattern is replaced by fen 
approximately equivalent or effective 
-wind of 15 niiles per hour. Figure 6.50 
show^ a number of contours for certain 
- arbitrary exposure rates that could possi- 
'bly hitve.beeri: observed on the ground at 1, 
6* arid. 18 hoUrs (H + 1; H 6; H + 18) 
.respe^Qtiyeiy after fhe explosion. It should 
b^ understood that the. v^arious exposure 
.rates change gradually from one contour 
line to the next. Sinlilarly; the last contour 
jho^ri does not represent the limit of 
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Figure 6.50,— Contours f^om fallout at 1, 6. and 18 
hour3 after a sui^face burst with a fission yield in 
the megaton range (15 m.p.h, effective wind). Val- 

" ues given are in roentgens per hour. 

contamination sinc^ the ej^ppsure rate will 
fall off steadily over a greater distance. 

6.51 Consider fifi^t, a Ipeation 3.} .miles 
domntvind from ground zei'c^r^AVone hour 
after the detonation the observed expo- 
sure rate is seen to be about 30 R/hr; at 6 
hours the exposure rate which li^s be- 
tween the contours for 1,000 and 300 R/hr 
.has increased to about 800 R/hr; but at48 
hours it is down to roughly 200 R/hr. The 
increase in exposure rate from 1 to 6 hours 
means the fallout was not complete one 
h9i;rrafter detonation. The decrease from 6 
to .18 hours is then due to the natural 
decay of the fission products. On the, other 
hand a total radiation exposure received 
at the given location at one hour after the 
explosion woujd be I'elatively small be- 
cause the fallout has only just started to^ 
arrive. By 6 hours the total exposure could 
reach over 3,000 R and by 18 hours a total 
exposure of some 5,0d0JR could have accu- 
mulated. Subsequently, the total exposure 
would continue to increase but at a slower 
rate. 

6.52 Next, consider d point 100, miles 
downwirid from ground zero.--- At one hour 
after the explosion the exposure rate^ ai^ 
indicated in Figure 6.50, is zero since the 
fallout will not have reached the specified 
location. At 6 hours the exposqre rate is 10 



R/hr and at 18 hours about 50 R/hr. The 
total (infinite) exposure will not be as 
gre^t as at locations jctoser 'to ground zero 
because the quantity of fission products 
reaching the ground decrea^Ses at increas- 
ing distances from the explosion. ' 

UNCERTAINTIES IN FALLOUT \ 
PREDICTIONS"^ 

6.53 ' Idealized fallout patterns are use- 
ful for planning purposes, but they are not 
blueprints of the actual fallout pattern 
that would occur. There are just too many 
uncertainties or variables involved in fal- 
lout, affecting both distribution of early 
fallout and rate of decrease of radioactiv- 
ity, to make precise prediction possible. . 

6.54 It is difficult to estimate the ex- 
tent of the induced radioactivity because 

^*ofr' 'differences in type of weapon, the . 
height of bUrat,,,and the natifre of the sdH' 
or other materiai in which neutron bom- 
Jbardment has caused \raif foactivity. ' Fur- . 

Vthermore, the existence of \Mnpredictable 
Hot spots will affect local radiatipp expo- 
sure, rates, as will the nature ot the .ter- " 
rain (buildings, trees,.etc., may reduce the 
average, radiation exposure rate above the 
.ground.-to 7a^on percent-df- the- value 
measured in open, flat terrain); weather- 
ing (wind may move'surface-deposited fffi- 
lout frpni 'one area to another or rain may 
tvash it into the soil); fractionization (any 





Figure 6.54b.— Fallout patterns from miclear test 
detonation at the Nevada Test Site. 




FiGl/BB 6.6<i/-?F«l|out patterns from nuclear test 
-^detonation at the Nevada Tekt Site. 



Figure 6.54c/— Falloift patterns' trom nuclear test 
detonation at the Nevada Test Site. 

^pne ofjsgyefal proce9ses, apart from radio- 
active 4ecayithat results in change in the 
coinposition of the radioactiv^ weapon d'e- 
bris); fission products of differing ag^jand - 
other factors. These uncertainties orWari- 
ables mean that tlie cigar-shaped fallout 
patterns a^e^ idealized, not necessarily 
real. To see h6w the idealized pattern dif- 
fers from an actual pattern^ refer to Fig- 
Qre8/8:53a through 6.54c which shgw fal- 
loutfpa|^;erns from actual test detonations 
at ttfe^^ Nevada Test Site, these patterns^ 
-w^re dWeloped from monitored readings ' 
taken shortly after the test shots; 

6.55 So far we have examined' the fal- 
lo^t problem in general termjs without . 
trying to show the magnitude of the sitUa». 

— ^-^i-r 
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tion, that could exist if the entire' nation 
' •should be attacked. The -map in Figure 
€.55a illustrates -an assumed hypothetical 
nuctear attack. Each circle represents a 20 
megatoh surface fexpldsion. There are 50 of 
these. Each square represents a 10 mega- 
ton surface burst. There are 100 of these. 
Each triangle represents a 5 megaton 
. burst and there ^re also 100 of these. In 
this hypothetical attack there are 25CP 
weapons dropped o» 144 different targets 
which include military, industrial and pop- 
ulation objectives, the totkl yield of these 
250 weapons is equivalent to 2500 mega- 
tons or 2.5 billion tons ofTNTl 

6.56 Figure 6.55b shows the area that 
woiald be affected by fallout and the theo- 
retical levels of radiation one 'hour after 

'the attack. The fallout areas would be 30 
to 50* miles long, depending upon wind 
speed and jn the center of these areas the 
levels of radiation could be greater than 
3,000 R/hr at H + 1. 

6.57 Figure 6.55c illustrates the situa- 
tion 6. hours after attack. Fallout would 
have spread over ibout 40% of the na- 
tional land area. HWever, the radiation 
levels would have decayed by approxi- 
rnately a f^ctpr of ten. The exposure rates 
in these areas would range from one R/hr 
along the border to perhaps 400 R/hr in 
the'^center. Figure 6.55d lillustraies the 
area^that would be affected % fallout one 
day after attack. Approximately 70% of 
the country's total are^ would be covered 
by fallout exposure rates greater than 0.2 
R/hr. About 18% of the. land area would 
have a very Serious fallout condition. 





• MITT rWL» 



FiGUREi6.56a^Hypothetical attack pattern. 



FIGI-RE 6 Spb.^Hypothetjcal- attack.il +1 situation. 
Exposure rates exceed 10 Hlhr. 




ITlGCRE 6.55c.— Hypothetical attack, H -»-6 situation. 
Exposure rates exceed 1 R/hr.^ 




FiGUgE 6.55d.— Hypothetical attaclc» H +24 sitaution. 

Exposure rates exceed .2 R/hr. ^ 
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6.58 Shortly after the first-day radioac- 
tive decay would l^egin to predominate 
over further 'deposition of fallout*. The 
boundaries of these fallout areas would 
. gradually shrink. 

Figure 6,55e illustrates the situation one' 
*week after attack during which time the 
radioactive areas would hav^e. been de- 
creasing in size ancl the exposure rates 
decreasing as a result of decay. Only about 
one-third of the nation's area would be 




Figure 6.55f.~HypotheticaI attack, H months 
0 situation. Exposure rates exceed .2 R/hr. 



covered by fallout exposure rates exceed- 
ing 0.2 R/hr. This reduction in exposure 
rate would continue.' Two montfis after 
attack, the situation might exist as illus- 
trated in Figure 6.35f. We would find only 
isolated elongated islands where the levels 
of radiation would exceed 0.2 R/hr. 

, 6.59 It is emphasized that this training 
exercise represents just one attack pat- 
^ tern applied to the wind^ and weather of 
one dy. Had a different attack pattern 
been^lect^d. or the weather for another 
day, the fallout situation would have de- 
veloped quite differently. 

6.60 To illustrate the effects of differ- 
ent wind patterns on a hypothetical nu- 
clear attack^ figure 6.60 shows a fallout 
pri^ction for a 156 weapon--384 megaton 
Attadl^sing the win A conditions that ex- 
isted on June 28, 1957. 

6.61 Figure 6.61 shows the theoretical 
fallout from the identical attack pattern— 



the same ground zerps and the same 
weapon yields— but, based on the weather 
of July, 12, 1957. You will note that the axis 
of fallout deposition of many locations has 
shifted by more than I2i^ degrees. On an- 
other day* the wind could swing in any 
other direction and tirrn»safe areas on 
these maps into areas of extreme fallout 
danger. 

FAtlOUT FORECASTING 

6.62 » We have seen that one of the most 
significant factors affecting the dispersion 
of fallout was the wind. We also saw that 
data can be obtained on wind direction 
and speed at various altitudes. Since a 
major influence on fallout is' one about 
which considerable data are known, it ena- 
bles us to predict with some degree of 
accuracy the probable pattern of fallout 
dispersion. The requirements of fallout 




Figure 6.60^Hypothetical attack, fallout pattern 
for winds-of June 28, 1957. 




Figure 6.61^HypotheticaI attack, fallout pattern 
for winds of July 12, 1957. 
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prediction Vrom^wind direction and speed 
, are two: accurate data and current data.* 
Both of these conditions are met by the 
network of rawin observatories estab- 
lished by the United States and Canadian 
> Weather Services. 

6.63 The purpose of preparing fallout 
forecast plots is to provide graphic esti- 
mates of areas that are likely^ to receive 
fallout and the approj^ate|time'of fallout 
arrival. Figure 6.63 illust^tes a fallout 
forecast plot. The area inside the heavy 
"tJ'*' shaped pattern and the dashed three- 
hour line represents land which could be 
covered with fallout within three hours of 
a nuclear surface detonation upon the city 
of Roanoke. The dashed one-hour and two- 
hour lines represent fallout ^arrival times 
and provide for forecasting fallout arrival 
at various places within the forecast plot. 



For example, at Lynchburg, fallout woOld 
be forecast to arrive about one hour after 
detonation. 

Information |)rovided by theVorecasts is 
limited to areas that may be covered by 
fallout -and the approximate times of fal^ 
lout arrival within the forecast area. Pre'^ 
dieted radiation levels or exposure r^tes 
are not included in (he forecasts. 

6.64 Meteorological data for the con- 
struction of fallout forecast plots are avail- 
able to all levels of government in the 
form ot **DF" messages which ar^ trans- 
mitted by teletype over the national 
weather service network. Data points are 
showi\ on Figure 6.64. Arrangeine^ts for 
tbe receipt of UF messages should be 
made to support operations in the event of 
a fallout emergency. j 

6.65 The Defense Civil preparedness 




^ Figure 6.63^A fallout forecast plot. 
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Figure 6.64.— DF data points. 



Agency has pr^pared.a manual of detailed 
instrucfions on the construction and use of 
fallout forecasts. This manual is entitled 
"Users Manual— Meteorologicar Data for 
Radiological ^>efense," "(FG-E-5.6/1). The 
manual explains the "DF* message for- 
mat, gi^es instructions on pret)afing fal- 
lout forecast areas, and ill\istrates how to 
estimate fallout'^arrival time for opera- 
tional use. The manual may be obtained 
through regular civil preparedness chan- 
nels. 
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CHAPTER! 



EFFECTS OF NUCLEAR RADIATION EXPOSURE 



We have learned that nuclear radiation 
IS a form of energy which has tke power to 
damage living cells or tissue. In this chap- 
ter, our objective is to explain: 

What are the effects^f nuclear radia- 
tion ( 

HOW are they produced 
We are going to take a look into a human 
gell and see what happens when it is sub- 
jected to nuclear radiation, what kind of 
damage is produced and the effects of this 
damage. And there is something else we 
will learn, too, something that is VITAL in 
effective RADEF work: 

WHAT is the tolerance of the human 
body to nuclear radiation— how 
much can we stand— how long 
can we stand it 



INTRODUCTION 

7.1 Late one November afternoon in 
1895, as the German physicist Wilhelm 
Roentgen was sending an electric current 
at high voltage through a vacuum tube, he 
noticed a Weak light that shimmered on a 
little bench he knew was located nearby. 
It seemed as if the spark of light inside* the 
^ tube was being reflected in a mirror. Strik- 
*ing a match, he §aw that a screen with 
som,e barium salt cry^taja on the bench 
was shining with fluorescent' brilliance. 
Later, he held a piece of paper, then a 
playing card, and then a book between the 
tube and the screen. He was Amazed to see 
that, even with the book placed in front of 
the tube, THE CRYSTi^LS STILL BE-* 
CAME FL*UORESCENT. E)espite every 
law of science (as then understood) he had 
to admit it: SOMETHfNG, some unknown 
or-"X" quantity, was passing right through 
the solid book.. He then tried to see if other 



materials would stop the ''something". 
Eventually, he tried placing a *thin sheet 
of lead between the tube and the crystals 
^and found that it did stop the passage of 
that something. Trying further" experi- 
ments, he picked up a small lead piece and 
held it up before the tube. *He was stag- 
gered to see that not only did the round 
dark shadow of the disk appear on the 
screen of barium crystals, BUT THAT. HE 
COULD DISTINGUISH THE OUTLINE 
'OF HIS THUMB AND FINGERS. Not 
only that, but within this outline were 
darker shadows: THE BONES OF HIS 
HAND. These phenomena were so con- 
trary to common sense, that Roentgen 
worked in secrecy, afraid that he might be 
, discredited for suclh "unscientific" work. 
Even his best friends were kept in 'the 
dark. When one insisted on knowing what 
was going on, Roentgen said, "I have dis- 
covered something interesting, but I do 
not know whether or not my observation^ 
are correct." 

7.2 Finally, after continued experi- - 
ments including the first X-ray photo- 
graph (taken of his wife's hand). Roentgen 
realized that he must tell the world of his 
findings. He reported all his experiments, 
stating: that the phenomena were causerf 
by some- form of invisible radiant energy. 
He called this energy ^*X-rays", the "X" 
standing for unknown. 

7.3 The stofy broke in the Vienna 
Presse on January 5, U896, ai:id soon scien- 
tists all over the world, including Thomas 
Edison, were excitedly experimenting with 
this new kind of ray. The boon to medicine 
of X-rays, or Roentgen-rays as they. were 
later called, was obvious: examining bro- 
ken bones and fractures; locating tumors 
or other abnormalities. For some. X-rays - 
were even a source of amusement, a hobby 
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or playtoy. In 1896, the following adver- 
tisement appeared in the magazine Scien- 
tific American: 

*TortabIe X-ray apparatus for physi- 
cians, professors, photographers and 
students, complete in handsome case, 
including coil, condenser, t-wo sets of 
tubes, battery, etc., for the price of 
$15.00 net, delivered in the United 
^States with full guarantee." 

\A Not understanding the nature of X- 
raj^^s, those early users of this new form of 
energy did not treat it with respect. It was 
even customary to use the hand as a fluo- 
, roscopic test object in controlling the qual- - 
ity of the roentgen or X-rays. Soon, those 
who were exposed to continual larga doses 
of X-rays^ patients, doctors, students, sci- 
entists alike, began to notice painful ef- 
fects. One, Dr. Emil H. Grubbepf Chicago,* 
said: "I had developed dermatfitis on the 
back of my left hand which, was so acute 
that I sought medical aid." The "dermati- 
tis** was a radiation burn, and Dr. 
Grubbe's fingers and hands had been so 
badly burned by the X-rays that subse- 
quently they' were amputated piecemeal 
as the damaging effects of loverexposure 
spread. ^ 

.7.5 Since it was noticed that exposure 
to X-rays caused the hair to fall out, some 
concluded that X-rays were a good way to 
remove excess hair. One example, cited by 
Dr. W. E. Chamberlain of Temple Univer- 
sity, shows what could happen: 

A doctor in a small town heard that X« 
rays make hair fall out. His comely little 
secretary complained of having hairy' 
arms. Apparently unaware of the poten- 
tialities for harm, the doctor adminis- 
/tered X-rays- with , his portable radi- 
ographic machine. Horrible X-ray burns 
developed, and in due time the young 
lady's arms had to be amputated. 

7.6 By 1922 it was Wtimated that 100 
radiologists^ad perished from overexpo- 
sure to radiation. Continued experiments 
clearty showed that all living tissue could 
be destroyed provided it was bombarded 
with ^ sufficiently high dosage of radia- 
'tion. 

7*7 A few months after Roentgen dis- 
covered X-rays, the French scientist Henri 
Becquerel found that certain uranium 



salts gave off^penetrating rays, similar in 
operation to X-rays. Later, Pierre Curie 
and his wife, Ma^'ie, tried to find the sub- 
stance responsible for the radiation that 
Becquerel had observed. It was Marie 
Curie who termed thig activity RADIOAC- 
TIVITY, to which you were^/?^roduqed in 
Chapter 2. After intensive work, the Cur- 
ies found two new radioactive elements, 
"polonium" and "radium". From repeated 
overexposures in her work with radioaC' 
tive substances. Madam Curie suffered ra- 
diation injury and subsequently died from 
the delayed effects of radium damage. Her 
daughter, Irene Curie, carried on the 
mother's wprk, and she too died from over- 
exposure^ radiation. 

7.8 What happens when living tissue is 
bombarded with radiation? Why does it, 
cause so mucfi havoc to the body? These, 
and other questions will fee answered in 
subsequent paragraphs. ' , 

NUCLEAR RADIATION INJURIES 

7.9 Each advance in man's power over 
nature has brought with it an element of 
danger. X-ray and nuclear radiation is no 
exception. We adopt a policy of acceptable 
risk in every facet of our lives.^ Society 
must decide what risk it will accept in the 
use of nuclear radiation. The , scientist 
must clearly set forth the hazards. 

The priiViary biological^effect of nuclear 
radiation on life is in the cell. The normal 
life process in a cell uses a very small 
amount of energy with a high degree of 
self-regulation. When ionizing radiation 
strikes a cell it disrupts the living process. 
The specialized parts of a cell, such as the 
genes, are damaged not onTy by direct hits 
but also by the chemical poisons produced 
by ionization of the cell fluid. Many^years 
ago radiologists .noted that the number of 
cells damaged by a given exposure to ra- 
diation is a simple function of the number 
of living cells present. In other words, the 
number of cells damaged per unit of dose 
is constant. The number of cells in which 
genetic damage occurs is also a function of 
dose. 

7.10 A higher plant or animal such as 
man consists of many cells. Higher forms 
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of life are a society of specialized and 
interdependent cells. Radiation damage to 
one organ or group of Specialized cells can 
. disturb other organs and weaken the 
whole organism. Man's life functions are 
carried out within a very Harrow range of 
temperature, air, nutrien);s, water and ra- 
diation. This cooperative action of cells 
and tissues makes higher forms of life 
much more -vulnerable to radiation than 
low^r forms of life. Furthermore, individu- 
als of the same species react differently to 
a radiation dose just as people react differ- 
ently to a cold. 

RADIATION UNITS 

7.11 The radiation unit is known as the 
roentgen. By definition, it is applicable 
only to gamma rays or X-rays and not to 
other types of ionizing radiation, such as 
alpha and beta particles and neutrons. 
Since the roentgerf refers to a specific 
result in air accompanying the passage of 
an amount of radiation through air, it does 
not imply any effect whiclj it would pro- 
duce in a biological system. Because of 
this, the roentgen is, strictly speaking, a 
measure, of radiation "exposure." The ef- 
fect on a biological system, however, is 
expressed in terrfis of an "absorbed dose." 
By comparing the actual biological effects 
of different types of ionizing radiation, it 
IS possible to convert the absorbed dose 
into a "biologically significant dose" which 
provides an index of the biological injury 
that might be expected. 

7.12 The absorbed dose of radiation 
was originally expressed in terms of a unit 
called the "rep," the name being derived ' 
from the initial letters of "roentgen equiv- 
alent physical." It was used to denote a 
dose of about 97 ergs of any nuclear radiar 
tion absorbed per gram -of body tissue;- 
howeveFj^for various reasons this unit has 
proved to be somewhat unsatisfactory. In 
order to avoid difficulties arising in the 
use of the rep, a new unit of radiation 
absorption, called the "rad," has come into 
general uSe. The rad is defined as the 
absorbed dose of any nuclear radiation 
which i^s accompanied by the liberation of 
100 ergs of energy per gram of absorbing 



material. For sdft tissue, the difference 
between the rep and the rad is small, and 
numerical values of absorbed dose for- 
merly' expressed in reps are essentially . 
unchanged when converted to rads. 

7.13 Although all ionizing radiations 
are capable of producing similar biological 
effects, the absorbed dose (measured in 
rads) which will produce a certain effect 
may vary appreciably from one type of ' 
radiation to another. This, difference in 
behavior is expressed by, means of the 
"relative biological effectiveness" (or 
RBE) of the particular nuclear radiation. 
The RBE of a given radiation is defined as 
the ratio of the absorbed dose in rads of 
gamma radiation (of a specified energy)^ to 
the absorbed dose in rads of the given- 
radiation having the same biological ef- 
fect. 

7.14 The value of the RBE for a pai-tic- ' 
ular type of nuclear radiation depends 
upon several factors, including t"he. dose* 
rate, the energy of the radiation, the kind 
and degree of the biological damage, ahd 
the nature of the organism or tissue under 
consideration. As far as nuclear weapons 
are concerned, the important criteria are 
disabling sickness and death. 

7.15 With the concept of the RBE in - 
mind, it is now useful to introduce another 
unit, known as the '.'rem," an abbreviation 

of "roentgen equivalent mammal (or 
man)." The rad is a convenient unit for 
•fexpressing energy absorp1>i6n, but it does 
not take into account the biological effect 
of the particular nuclear radiation ab- ' 
sqrbed. The rem, however, which is de- 
fined ^by: dose in rems = RBE X dose in 
rads, provides an indication- of the extent 
of biological injury (of a given tyj)e) that 
would result from the absorption of nu- ' 
clear radiation. Thus, the rem 'is a dose 
unit of biological effect, whel-eas the rad is 
a unit of absorbed energy dose and the 
roentgen (for X or gamma rays) is one of 
exposure. 
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7.16 All radiation capable of producing 
ionization (or excitation) directly or indi- 
rectly, e.g., alpha and beta partides, X- 
rays, gamma rays, and. neutrons, cause 
radiation injury of the same general type. 
However, although th^ effects ar^ qualita- 
tively similar, the varioGs radiations differ 
in the depth to which they penetrate the 
body and in the degree of injury corre- 
sponding to a speciffed amount of energy 
absorption. As seen above, the latter dif- 
ference is expressed by means of the RBE.^ 

7.17 The RBE for gamma rays is ap- 
proximately uliity. For beta particles, the 
RBE is also close to unity; this means that 
for a given amount of energy absorbed in 

" living tissue, beta particles produce about 
* the same exteht of injury within the body 
as do X-rays or gamma rays. The RBE for 
alpha particles from radioactive sources 
have been variously reported to be from 10 
to 20, but this is believed to be too large in 
most cases of interest. For nuclear weapon 
neutrons, the RBE for acute radiatioq in- 
jury is now taken as 1.0, but it is apprecia- 
bly larger where the formation of opacities 
of the lens of the eye (cataracts) is con- 
cerned. In other words, neutrons are much 

• more effective than gamma rays in caus- 
ing cataracfs; 

7.18 In considering the possible effects 
Qrt the body of gamma radiations from 
external sources, it is necessary to distin- 
guish between an "afcute" (or "onc^shot") 
exposure and a **chronic" (or extended) 
exposure. In-tm acute exposure the whole 

, radiation dose is^ received in a relatively 
sh^ort interval of time. This is the^case, for 
example, in connection' with the initial nu- 
clear radiation. It is not possible to define 
an acute dose., precisely, but it may be 
somewhat arbitrarily taken to be the dose 
received during a 24-hour period. Al- 
. though the delayed radiation^ from early 
fallout persist for longer times, it is during 
the first. day thai? the main exposure would 
be received and so it is regarded as being 
acute. On the other hand, an individual 
entering alfallout area after the*first day 
or so arid remaining for some time^wopld 
be considered to have been subjected to a 
chronicexposure. ^ 
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7.19 The importance of making* a dis- 
tinction between acute :and chronic expo- 
sures lies in the fact that, if the dose rate 
^is *not too large, the body can achievie 
partial recovery from some of the conse- 
quence's of nuclear radiations while still 
exposed. Thus, apart from certain effects 
mentioned later, a larger tot&l gamma- 
radiation dose would be required to pro- 
duce a certain degree of injury if the dose 
were spread over a period of several weeks 
than if the same dose were received within 
a minute or so. 

7.20 ' All living creatures are always ex- 
posed to ionizing radiations from various 
natural sources, both inside and outside 
the body. These are chronic exposures con- 
tinuing for a lifetime. The chief internal 
source is the radioisotope potassium-40, 
which is a normal constituent of the ele- 
ment potassium as it exists in^nature. 
Carbon-14 in the body is also radioactive, 
but it is only a minor source of internal 
radiation! Some potassium-40, as well as 
radioactive uranium, thorium, and radium 
in varying'amounts, is also.present in soil 
and rocks. The so-called **cosmic rays,"* 
originating in .space, are another impor- 
tant source of ionizing radiations in na- 
ture. The radiation dose received from 
these rays increases with altitude up to- 
about 90,000 feet; at 15,000 feet, it is more 
than five times as great as at sea levei. 
The high radiation levels encounteii^ed in 
•the Van Allen belts at much higher alti- 
tudes do not contribute to the background 
radiation on earth. 

^ GENERAL RADIATION EFFECTS 

7.21 The. effect of nuclear radiations on 
living organisms <Iepends not only on the 
total dose, that is, on the amount ab- 
sorbed, but also on the rate of absorption, 
i.e., on whether it is. acute or chrdnic, and 
on the region and" extent of the body ex- 
posed.vA few jadiation phenomena, such 
as genetic effects, apparently depend pri- 
marily upon the* total dose received and to 
a lesser extent on the rate of delivery. The 
.injury caused l^y radiation to the germ 
ceils under certain conditions appears tg . 
be cumulative. In the majority of in-, 
stances, however, the biological effect of a 



given total dose of radiation decreases as 
.the rate of exposure decreases. Thus, to 
oate an extreme case, 1,000 rems in a single 
dose would be fataLif the whole body were 
exposed, but it would probably not have 
any noticeable external effects' in the ma- 
jority of persons if delivered more or less 
evenly over a period of 30 years. 

7.22 TI^ injury caused by a certain 
dose' of radiation will depend upon the 
extent and part of the body jthat is ex- 
posed. One reason for this is that \Vhen the 
exposure is restricted, the unexposed re- 
gions can contribu^ to the recovery of the 
injured area. But if the whble body is 
exposed, many organs are affected and 
recovery is much more difficult. , 

7.23 Different portions of the Jbody 
show different sensitivities to ionizing ra- 
diations, and theKe are variations in de- 
gree of sensitivity among individuals. In 
general, the most radiosensitive parts in- 
clude the lymphoid tissue, bone maw^ow, 
spleen, organs of reproduction, and gas- 
trointestinaK tract. Of intermediate sensi- 

. tivity are the skin, lungs, and liver, 
, whereas mustle, nerves, and adult bones 
are t^e least sensitive. ^ 

EFFECTS OF ACUTE RADIATION DOSES ^ 

7.24 Bef9re,the nuclear Bombings of Hi- • 
roshima and Nagasaki, radiation injury 
was a rare occurrence and relatively little 
was known pf the phenomena associated 
with whole-body exposure and radiation 
injury. In Japan, however, a large number 
of individuals were exposed to doses of 
radiation ranging from insignificant quan- 
tities to amounts which proved fatal. The 
effects were often complicated by other 
injuries and shock, so that the symptoms 
of radiation sickness could not always be 
isolated. Because of the great number of 
patients &nd the lack of facilities after the 
explosions, it was impossible to make de- 
tailed^observations and keep accurate rec- 
ords. Nevertheless, certain importa;it con- 
clusiojis have been drawn from Japanese 
experience with regard to the effects of 
nuclear radiation on the human organism. 

i.25 Since 1945, further informatipn oh 
this subject has been gathered from other 



sources. These include a few laboratory 
accidents involvirj'g ^ small Tiumber*of hu- 
man beings, whole^body irradiation .used in 
treating various diseases and malignan- 
cies, and extrapolation to man of observa- 
tions on animals. In addition, detailed 
knowledge has been obtained from a care- 
ful study of over .250 persons in the Mar- 
shall^lslands, who were accidentally ex- 
posed to nuclear radiation from fallout 
following the lest explosion on March 1, 
1954. The exposed individuals included 
both Marshallese and a small group of 
American servicemen. The whole-body ra- 
diation doses iianged from relatively^mall . 
values (14 rems), which produce no 
obvious symptoms, to amounts (175 'rems) 
• which caused inarked changes in the 
blood-forming system* 

7,26XNo' single source of data directly 
'^yields the relationship between the physi- 
cal dose of ionizing radiation and the clini- 
cal effect in m^h. Hence, therei&^no com- 
plete agreement concerning theeffect as- 
sociated v/itli a specific dose or dose range. 
Attempts in the past hav^ been made to 
relate particui^ symptoms to, certain nar- 
row ranges of exposure; however, the data 
are incomplete and associated with many 
complicating factors that make 
interpretation dtfficult. For instance, the 
observations in Japan were very sketchy 
until 2 weeks following the exposures, and 
the people at that time weVe offering 
from malnutrition and preexisting bacte- 
rial and parasitic infections. Conse- 
quently,^ their sickness was often erro- 
neou^ly attributed to the effects of ioniz- 
ing radiation wheniuch^was not necessar- 
ily th^ case. The existing conditions may ' 
have been aggravated 0y the radiaiion, 
but tp what extent it is impossible to esti- 
mate in retrospect. 

7.27 In attempting to relate the radia- 
tion dose to the effect on man, it should be 
mentioned, that reliable information has 
been obtained for doses up to 200 rems. As 
the dose increases from ^00 to 600 rems 
the data from exposed humans decrease 
rapTflly and must be supplemented more 
and more by extrapolatipos based, on ani- « 
mal studies. Nevertheless, the conclusions ' 
drawn can be accepted with a reasonable; 
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RANGE 

• 


OTO 100 REMS 
SUBCLINICAL * 
RANGE 


100TO 1,000 REMS THERAPEUTIC RANGE 


OVER 1,000 REiVIS LETHAL RANGE ] 


inn TO "^nn rpm^ 




600 TO 1,000 REMS 


1,000 TO 5,0p0 REMS 


OVER 6,000 REMS 


CLINICAL ' 
SURVEILLANCE 


THERAPY EFFECTIVE 


THERAPY PROMISING 


THERAPY PALLIATIVE 


)NCII?ENC€ OF 
VOMITING 


NONE 


100 REMS 5% 
200 REMS 50% 


300 REMS 100% 


♦ 

100% 


100% 


DELAY TIME 




3 HOURS 


2 HOURS 


1 HOUR 


'Xoi«INUTES 


LEADING ORGAN 


NONE 


HEMATOPOIETIC TISSUE 


* GASTROMTESTINAL 
TRACT 


CENTRAL NERVOUS 
SYSTEM 


CHARACTERIStIC 
SIGNS 


NONE 


MODERATE * 
LEUKOPENIA 


SEVERE LEUKOPENIA; PURPURA; HEMOR- 
RHAGE; INFECTION. 
EPILATION ABOVE 300 REMS 

\ ^ 


DIARRHEA| FEVER 
DISTURBANCE OF 
ELECTROLYTE- 
BALANCE. 


CONVULSIONS; 
TREMOR; ATAXIA; 
LETHARGY. 


CRITICAL PERIOD 
POST-EXPOSURE 


- 




4 TO 6 WEEKS 


5 TO 14 DAYS 


1 TO 48 HOURS 


THERAPY 


REASSURANCE ^ 


REASSURANCE; 

HEMATOLOGIC 

SURVEILLANCE. 


BLOOD TRANSFUSION; 
ANTIBIOTICS. 


CONSIDER BONE 
MARROW TRANS- 
PLANTATION. 


MAINTENANCE OF 
ELECTROLYTE 
BALANCE. 


^. SEDATIVES 
> 


PROGNOSIS 


. EXCELLENT 


* excellent' 


GOOD 


GUARDED 


HOPELESS s 


CONVALESCENT PERIOD 
INCIDENCE OF DEATH 


^JONE • 
NONE 


SEVERAL WEEKS 
NONE 


1 TO 12 MONTHS* 
OTO 80%(vor) 


LONG 
80%Tai50%(vor) 


90 TO 100% 

) 


DEATH OCCURS WITH»^ 






2 MOUTHS 


2 WEEKS 


2 DAYS 


CAUSE OF death' 






hemorrhage; INFECTION 


QRCULATORY 
COtLAPSe - ^ ^ 

\ ^ s -1 


RESPIRATORY FAILURE; 
' BRAIN EDEMA. 

2^ L_ \ , 



f?ALUATlVE-AFFORblNG RELIEF, BUT NOT A CURE. . 
HEMATOPOIETIC TISSUE-BLOOD FORMING TISSUE. 

LEUKOPENIA- REDUCTION IN NUMBER OF WHITE BLOOD CELLS ((tukocytts) 



PURPURA' LIViO SPOTS ON THE SKIN OR MUCOUS MEMBRANES 
EOEMA'ABNORMAL ACCUMULATION OF FLUIDS IN THE TISSUE 



UL^T 



FlGUfiE 7.28. — Summary of effects from brief nuclear radiation exposure. 
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' degree of confidencfe. Beyond 600 rems, 
however, observations oil man are so spo- 
radic that the relationship hetY/een dose 
and biological effect must 'be inferred or 
conjectured almost entirely from observa- 
tions made on animals exposed to ionizing 
radiigltions. , / ' 

7.28 With th( foregoing facts in mind, 
Figure 7.28 is presented as the besl avafla- • 
•ble "summary of the effects of various- 
who^e-body dose rangesvof ionizing radia- 
tion on^man beings. Below 100 rems, the 
response is almost completely subclinical; 
that is to say, there is no sickness requir- 
ing special attention. Changes jriay, never- 
theless, be occurring in the blood, as will 
be seen later. Between 100-and 1,000 rems 
is the r ang-4 
medical treatment, will be succe^slful^^at 
the lower end and may be successful ^t the 
upper end. The earliest symptoms of radia- 
tion injury are nausea and vomiting, 
which may commence within about 1 to 3 
hours of exposure, accompanied by discom- 
fort (malaise), loss of appetite, and fatigue. 
. The most significant, although not imme- 
diately obvious, effect in the range under 
^consideration, is that on the hematopcfietic 
tigsue, i.e., the organs concerned w^h the 
formation of blood. An important manifes- 
tation of the changes in the functioning of 
these organs is leukopenia', that is, a de- 
cline^in the number of leukocytes (white 
blood. cells). Loss of hair (epilation) will be 
apparent ab«yt 2 w^eks or so after receipt 
of a dose exceeding 300 rems. 

7*2& Because of the incriease in the se- ' 
verity of the radiation injury and the vari- 
ability in response to treatment in the 
range from 100 to 1,000 rems, it is conven- 
ient'to subdivide it info three sub-sections, 
as shown in Figure 7.28. For whole-body 
exposures from 100 to 200 rems^ hospitali- 
\zation is generally not required, but above* 
200 rems admission to. a hospital is neces- 
sary so that the patient may receive such 
treatment .asL^maor be indicated. Up to 600 
rems, there is reasonable confidence in the 
clinical events and-^apptppriate -therapy, 
.but for dxjses in exciBss of this ambunt 
there is considerable uncertainty and vari- 
ability in i:esponse, 

. 7.30 Beyond 1,000 rems, the prospects 



of recovery are so poor 'that therai)y may 
be restidfted largely , to pajliative meas- 
ures. It Is of interest, however, to'subdi-' 
vide thisf^leth'aj range in toL two. parts in 
which the characteristic clinlfeal effects 
are different. Although the dividing line 
has been somewhat arbitrarily set at 5,000-. 
rems in -Figure's 7.28, human data are so * 
limited' that thi,s dose'^level might well 
have any value' froip 2,000 to 6,000 rems. 
In the ^-a^e from 1,00Q to (roughly) 5,Q0\) 
rems, the path(?H5gical. changes' arer'most . 
marked' in the gastrointestinal' tract, 
whereas in the range above 5,00.0' rems, if 
the central nervous syster^ which ex- 
hibit^ the major injury. , s i0 

i.31' The s up erposition of radiation ef- 
ii^|5»ieFlTom oti^er :ausey,may 
be expected to. result in an increase in tKe 
number of cases of shock. For epcample,.the • 
combination of sublethal nuclear'radiation 
exposure and moderate thermal bums will 
produce earlier and more-sever^ 3.hock ' 
than would the comparable' bums -alone. 
The haling of wounds of'all kinds will be 
retarded because of .the susc^pf ibility toV 
secondary infection ^comparifying radia* 
tion inj^ury and for other reasons-. In fact, 
infections, which could normally be /dealt 
^ith by the body, irtay prtiive fatal in sucji 
cases. ' - ' 

CHARACTERISTICS OF ACUTE WHOLE- 
BODY RADIATION INJURY 

'7.32 Single doses in^ the^range of from 
25 to 100 rems over th'e'whoje body will 
produce nothing other than blood changes. 
These^hanges do not usually occur below ^ 
this range and are not produced consist- 
ently at doses below 50 rems. DisaWing 
sickness^ does not occur and^exposed^ indi- , 
viduals should be able to proceed wjth 
their usual duties. ,TJius, for , 

doses of 25 to 100 rems : no illness - . 
" 7.33 Exposure of the whole body to a ^ 
radiation dose in the rangjg of 100 to 200 
rem^ Vill result in a ^certain amount of 
illness but it will rarely be fatal. DoseS of 
tills ^magnitude were common in Hiro- 
shima and Nagasaki,- particularly among* 
persons who were at some' distance from 
the nuclear explosion. Of the 267 individu- 
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als accidentally exposed to fallout in the 
* Marshall Islar^s following the test explo- 
sion of March 1, 1954, a group. />f 64 re- 
ceived radiation doses in this range. It 
shquld be pointed out that the exposure af^ 
the Marshallese was .not strictly of fne 
acute type, sirrfce it extended over a period 
of some 45 hours. More than half the dose, 
however, was received within 24 hours and 
the observed effects ^Yere similar to those . 
to be ebcpected from an acute e'xposure of 
the same amo.unt. Thus, for 

doses of 100 to 200 renis ; slight or no 
illness, , ' . '[ , * * ' 

^7.34 The illness irpJn radiation'Hloses''in 
this range does not present^a serious pr6T6-. 
16m in that mo^t patients-will suffer little 
more than discomfort and ifatigue and oth- 
ers may, have no symptoms at all. There 
may be some .oausea and vomiting on the 
first d^ or so followir^, irradiation, but 
subsequently there is a so-called "latent 
' perlgd,'* up to 2 weeks or 'moris, during 
which the patient has no disabling illness 
and can proceed with his r6gulay occupa- 
^ tion. The usual symptoms, such as loss of 
appgtite and malaise, may reappear, but if 
they do, they are mild. The changes in the 
character df-^he blood, which accompany 
radiatioii injury, become significant dur-, 
ing the latent period and persist for some 
time. If there are no complications, due to 
other injuries or to infection, there will be 
. recovery in essentially all-cases. In gen- r 
eral, the more'severe 'the .early stages of 
the radiation sick;aess, the -longer will be 
the process of recovery. Adequate car^ 
^^nd^the uset^of antibiotics, as may b^indf-, 
^cated'clinicMly, can greatly expedite com- 
plete recovery of the small proportion Of 
more serious cases. \ ' - . 

7.35 For do§es between 200 'an4^1,00Q 
rems the probabjlity of survival is-^good at 
the lower^^jad'-crfthe range but poor at' the 
upper end. The initial ^symptoms are simi- 
lar to. those common tn- radiation injury, 
na^mely, nausea, vomiting, diarrhea, loss of 
appetite, and malai§e. the/Targer the dose, 
the sooner will these symptoms develop, 
generally during- the initial day of the 
exposure. After the first day or two the" 
symptoms disappear and there may be a 
Intent' period of several days to 2 weeks 
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' di^nK v^hkh -th§ patient feeJs relatively 
w^.U -Jthuugh important changes are oc- 

, cu^riiig in the blood. Subsequently, there 
is a return of symptoms, including feve>, 

" diarrhea, and a step-like rise in tempera- 
ture which may be due \M accompanying 
infect' Thus, for ♦ 

^ doses of 200 to 1,000 rems : survival 

possible , ^ 

7.36 Commencing about 2 or 3 weeks 
after exposure, there is a tendency !C0 
bleed into various organs, and small hem- 
orrhages under the skin'(petechiae) are 
observed. This tendency may be marked. 
Particularly common are spontaneous, 
bleeding' ih the ihouth ^nd from the lining 
of the intestinal ff^ct. There may be blood 
in the urine dy-e to bleeding in the^kidney. 
The hemorrhagic tendency* depends 
mainly upon, depletion of the platelets in 
the blood, resulting in defects in the blood- 
.clotting mechanism. Loss of hair, which is 
a "prominent consequence of radiation ex-' 
posure, also starjs after about 2 weeks, 
immediately following the latest period, 
for doses over 300 rems, (See Figure 7.36.) 




Figure 7.36,-:-Epilatioi) due to radiation Exposure. 
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• 7.37 Susceptibility to infectioii of 
wounds, bums^and o'fher lesions,' can be a 
serious complicating factor. -This would're- 
s,ult to a large degree from loss of the 
% white blood c^llg, and a marked depression 
m j;he body's immunological process". For 
example, ulceration about the lips may 
commence after the latent period and 
spread from the mouth through the entire 
«astroinestinal tract in the'termlnaLstage 
- of the sickness. The multiplication of bac- 
teria, made possible by the decrease in the 
white cells of the blood and injury td other 
immune mechanisms of the body; allows 
anpverwhelming^infection to develop. 
^ 7.38 Amtfng .other effects observed in 
Japah was a tendency toward spontaneous 
internal bleeding near the end of the first 
week. At the same time, swelling and in- 
flammation of the throat was not uncom- 
mon. The development of severe radiation 
- illness among the Japanese was accom- 
panied by, an increase in the body temper- 
ature, which was pro))ably due to second- 
ary infection. Generally there was a step- 
like rise between tl^e fifth an^ seventh' 
days, sometimes as early as the third day 
following exposure, and usually continu- 
ing until the day of death. 

7.39 In addition to fever, the njore seri- 
ous cases exhibited severe emaciation and 
delirium, and death occurred within 2 to 8 
weeks. Examination after 4eath revealed 
a decrease in ske of anS degenerative 
. changes in testes and ovaries. Ulceration 
of the mucous 'membrane of the large in- 
. testine, which is generally indicative of 
doses of 1,000 rems or more, was also noted 
in som^ cases. 

7.40 Tho^e patients in Japan wh'b sur- 
vived for 3 to 4 months, and did not suc- 
V cumb to tuberculosis, lung disease, or 
other complications, gradually recoverejl. 
There was no evidence of permanent loss 

* of hair, and examination of 824 survivors ' 
some 3 tp 4 years later showed.that their 
Wood composition/ was not significantly 
different from th4t of a control group in a 
ci'ty not subject<!(r-t^>nuclear attack. 

• TAl Very large doses of whole-body ra- 
diation (app^oximately 5,000' rems or more) 
result iij. prompt changes in the central 

^nervojis system..The symptoms are hyper- 



excitability, ataxia (lack of muscular qoor- 
dination), respiratory distress, and inter- 
mittent stupor, there is almost immediate 
incapacitation, and death is certain in. a 
few hours to a week or so after the acute 
exposure. If the dose is in the range from 
1,000 to roughly 5,000 rems, it is the gas- 
trointestinal system which -exhibits £he 
earliest severe clinical effects. There is the 
usual vomiting .and nausea followed, in 
more or less rapid' succession, by prostra- 
tion, diarrhea, anorexia (lack- of appetite 
and dislike for food), and. fever. As ob- 
served after the nuclear detonations in 
Japan, the diarrhea was frequent and se- 
•vere in character, being watery at first 
and tending to become bloody later; how- 
ever, thiymay have been related to preex- 
isting-disease, Thus, Tor 
. large dose (over 1,000 rems) : survival 
improbable , ^ 
7.42 The sooner -tlie foregoing symp- 
toms of radiation injury' develop the 
sooner i^death likely to result.Although 
there may be no pain during the first few 
'days, patients experience malaise, accom- 
panied by -marked depression and fatigue. 
At thejower end of the* dose range,- the 
early stages of the severe radiation illness^ 
are followed by a latent period of 2 or 3 
days (or .more), during which the patient 
appears to be free from symptoms, al- 
though profound changes are taking place 
in the body, es^ecialjy in the blooj^-form- 
ing tissues. This period, when it occurs, is 
followed by a recurrence of the early 
symptoms, often accompanied by delirium 
or coma, terminating- in death usually 
•within a.few days to 2 weeks. 



EFFECTS OF RADIATION ON BIOOD 
CONSTITUENTS 

7.43 Among the biological conse- 
•quences of pxposure of the whoje body to a 
single dose of .nuclear radiation, perhaps 
the most striking and characteristic are 
the changes which take place in the blood 
and blood-forming organs. Normally, these 
changes will occur only for doses greater- 
than 25 rems, Much information on the 
hematological -response of human, beings 
to nuclear radiatipn was obtained after 
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the nuclear, explodons in Japan and also 
from observations on victims of laboratory 
accidents. The situation which developed 
An the Marshall Islands in March 1954, 
* however, provided the opportunity for a 
vefy tho?ougli study of the effects of small 
and moderately large doses of radiation 
(up to 476 rems) on the blood of human 
beings. <Fhe descriptions given below, 
which are in general agreement with the 
results obser.ved in Japan, are based 
largely oh this study. 

7.44 One of the most striking hemato- 
logical changes associated with radiation 
injury is ij^ the number of white blood 
cells. Among, these cells are the neuti-o- 
phils, formed chiefly in the bone marrow, 
which are concerned with resisting bacte- 
rial invasion of the body. The number of 
neutrophils in the blood increases rapidly 
during the course of certain types of bacte- 
rial infection Jo cohibat the invading orga- 
nisms. Loss of ability to meet the bacterial 
invasion, whether due to radiation or any 
other injury, is a very grave matter, and' 
bacteria which are normally held in check 
bytthe neutrophils can then multiply rap- 
idly, causing serious consequences. There 
are several types of white blood cells with 
different specialized functions, but which 
have in common the general properfy of 
resisting infection or removing toxic prod- 
uces from^the body, or both. 

7.45 After the body has been exposed to 
radiation in th^ sub-lethal range, i.'e., 
about 200 rems or less, the fotal number of 
white blood cells may show a transitory 
increase during the first 2 days or so, and 
then decrease below normal lev^els. Subse- 
quently the white count may fluctuate and 
possibly rise above normal on occasions. 
During the seventh or eighth weeks, the 
white cell count becomes ^stabilized at low 
le'vels and a minimum probably occurs at 
about this time. An upward trend is ob- 
served/ln succeeding w"eeks but complete 
recovery may require several months or* 
nvere. , ^ 

' M6 The neutrophil count parallels the 
toial white blood cell count, so that the 
initial increase observed in the latter is 
y apparently due tollflcreased mobilization 
of neutrophils. Complete return of the 

ERIC ; 



nun?ber of, neutrophils to normal does, tfot' 
occur for slver^l months> 

7.47 In CQntrast to the behavior of the 
neutrophils, the number of lymphocytes, 
produced in parts of th6 lymphatic tissues ■ 
of the body, e.g., lymph nodes and spleen, 
shows a sharp drop soon after exposure to 
radiation. The lymphocyte count continues 
to remain considerably below normal for 
several months and recovery may require, 
many months or even years. However, to 
judge from the observations made in Ja- 
pan, the lymphocyte count of exposed indi- 
viduals 3 or 4 years after exposure was not 
appreciably different from that of une5c- 
posed. persons. 

7 AS A significant h*ematological 
change ^Iso occurs in the platelets, a con- 
stituent of the blood which plays an injpor; 
tant role in blood clotting. Unfike the flue-' 
tuatiTig total white count, the number of 
platelets begins to^decrease soon after ex- 
posure and' falls steadily and reaches a 
minimum at the end of about^a month. The 
decrease in the nuipber of platelets is fol- 
lowed by partial recovery,, but a riormal 
count may not be attained for several' 
'months'or.even years after exposure. It is 
the decrease in the platelet count which 
partly explains the appearance of hemor- 
rhage and purpura in radiation injury. 

7^49 The red blood cell (erythrocyte) • 
count-also undergoes a decrease as a re- 
sult of radiation exposure and henlor- 
rhage,-so that symptoms of anemia, €lg,, 
pallor, become -apparent. However, the 
change in the nurtiBer of erythrocytes is 
much less striking than that which occurs 
in the white blood cells and platelets, espe- 
cially for radiation doses in. the range of 
200 to 400 rems. Whereas the response in 
these, cells is rapid, the red cell count 
shows little or no change for several days. 
Subsequently, there is a decrease which 
may continue for 2 o^ 3 weeks, followed by 
a gradual increase in individuals who sur- 
vive. 

7.50 As an jndex of severity of radia- 
tion exposure, particularly in the suble- 
thal range, the total white cell or neutro- 
phil counts are of limited usefulness be- 
cause of the wide fluctuations and the fact 
that several weeks may elapse before the 



maximum depression is obser\^ed. The 
lypjnphocyte count is of more value in this 
respect, particularly in the low dose range, 
sii#e depression occurs within a few hours 

^ of exposure. However, a marked decrease 
in the number of lymphocytes is observed 
even with low doses and there fs relatively 
littl^ difference with large doses. " 

7.51 The platelet count, on the other 
hand, appears to exhibit a regular pattern, 
with the maximum depression being at- 
tained at approximately the same time for 
various exposures in the sublethal range. 
Furthermore, in this range, the degree of 
depression- from the normal value is 
roughly proportional to the esti^mated 
whole-body dose. It has been suggested, 
therefore, that' the platelet count might 
serve as^ convenient and relatively sim- 

^ple direct method for determining the se- 
verity of radiation injury in the sublethal 
range. Thp main disadvantage is that^an 
appreciable decrease in the platelet count 
is not apparent until some time after the 
exposure- 

LATE EFFECTS OF IONIZING RADIATION 

7.52 There are a number of conse- 
quences of nuclear radiation which may 
not appear for some years after exposure. 
Among them, apart from genetic effects, 
are the formation of cataracts, non-spe- 
cific life shortening, leukemia, other forms 
of malignant disease, and retarded devel- 
opment of children in utero' at the- time of 
tlie exposure. Information concerning 
these late effects has been obtained from 
continued studies of various types, ij^clud- 
ing those in Japan made chiefly undet the 
direction of 4;he. Atomic Bomb Casu'&lty 
Commission.^ 

7.53 The Atomic Bomb Casualty Com- 
missix>r) was established in' 1947 to provide 
surveys and studies on the delayed effects 
of the A-bQmbs. Over 400 reports had been 
issued by J973. A nationwide enumeration 
'was made dn Japan at the tihie of the 1950 
national census to identify who was in 
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Hiroshima and Na^'ksaki at the time of 
burst. The major Atomic Bomb Casualty 
Commission studies relate to the survivors 
who were alive during the initial surv^ey, 
about five years after, the burst. There- 
^fore, the sample excludes the more se- 
verely injured who died prior to 1950. 
These exposed peopla have been studied, 
through both a biennial physical examina- 
tion and after death by an autopsy pro- 
gram. Because, of different .latent periods 
the effects of radiation .have developed 
with the years since 1947. Fo.r example, in 
the 1970%. as leukemia decreases, malig- 
nant neoplasms (tumors) are rising rap- 
idly, for those exposed in utero or in child- 
hood. Some of the most significant find- 
ings from various studies are extracted 
here in paragraphs 7.54-7.61 from the 1973 
technical report of the Atomic Bomb Cas- 
ualty Commission's report **Radiation Ef- 
fects on Atomic Bomb Survivors." 

GENETIC EFFECTS ^ 

7.54 Significant effects of parental ex- 
posure* to the A-bomb on stillbirth or in- 
fant mortality rates, birth weight of child, 
or on the frequency of congenital malfor- 
^mations have not been detected. The sex 
ratio (i^tio of male to female babies) was 
^ expected to decrease if the mother had» 
been' irradiated, and to increase with pa- 
ternal irraj^iation. An earlier s^tudy sug- 
gested such a shift, but additional data 
failed to confirm this hypothesis. No rela- 
tionship has been observed between pk- 
rental exposure and the mortality of chil- 
dren. No significant increase in leukemia 
incidence has been observed in the off- 
spring of persons exposed to A-bomb ra- 
diation. A preliminary study of the off- 
spring of A-bomb survivors showed no evi- 
dence of radiation effects on chromosomes. 
Recent studies show wJiite corpuscle dam- 
age after 20 years (see 7.61). 

RADIATION INJURIES 

7.55 Three major symptoms of acufee 
radiation exposure Ivere observed— loss of 
hair, bleeding, and mouth lesions. Acute 
radiation symptoms increased from 5% to 
10% among those exposed to total dose of 
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50 rem to 50% to 80% of those with about 
300 rem exposure, after which the propor-, 
tion leveled off. 

DELAYED EFFEaS ON GROWTI^ AND 
DEVELOPMENT 

7.56 'Head circumference and height 
were significantly smaller in children in 
utero whose mDtfiers. were exposed affid 
evidenced major radiation symptoms. Con- 
sistently smaller head and chest circum- 
ferences, weight, standing and sitting 

* heights at ages 14 to 15 years were niund 
among Nagasaki children whose mothers 
were exposed to high doses. Heigjht, 
weight and head circumferences at!^17 
years of age were significantly smaller in 
the Hirosbiala in utero children whose' 
mothers were exposed. Decreased head 

• circumference was most prominent among 
those in the first trimester of gestation at 
time of burst (ATB). Body size was smaller 
and body maturity advanced in the Hiro- 
shima exposed children. Adult height was 
significantly less among Hiroshima chil- 
dren 0-5 years of age ATB (at time of 
burst) exposed to high doses. Dose effect 
declined with increasing age ATB, but 
adult weight was less regardless of age 
ATB. Tissue samples from the exposed 
population suggest accelerated ageing 
among those exposed. There was no radia- 

* tion effect on bone growth among those 
exposed to ]^diatimi in utero ATB. 

DELAYED EFFECTS OF DISEASE 
OCCURRENCE 

7.57 The first demonstrated delayed ef- 
fects of the A-bombs were radiation cata- 
racts in about 2V2% of survivors within 
1000 meters from ground zero ATB. Cata- 
racts were the only delayed manifesta- 
tions of ocular injury from the A-bojrjb. 
The latent period for subjective disturb- 
ances from cataracts appears to have been 
about two years. Prevalence of mental re- 
tardation was high in those exposed in 
utero less than 1500 meters from ground 
zero. Mental retardation was more fre- 
quent in those exposed between the 6th 
and 15th weeks of pregnancy, the period of 
brain development. For in* utero children. 




the death rate for all causes, especially 
among infants, increased with intensitytrf^ 
radiation exposure of the motherj How- 
ever, no increase in mortality fronr Jeijke- 
mia amd other cancers was obsem^eck No 
relationship betweeh rheumatoid ^^ritis 
and radiation dose has been foundJiA neg- 
ative finding does not mean that certain 
effects will not occur later. Abnormalities 
pf the minute surface blood vessels were 
found in those under 10 years ATB who. 
were exposed to 100 rem or more^ Lip and 
tongue mucous membrances were more 
frequently affected than were nail fold 
and eyelids. These findings suggest that 
A-bomb exposure affected^the entire vas- 
cular system. There was no evidence of a 
relationship between the prevalence of 
cardiovascular diseases and radiation ex- 
posure, o» between mo'rtality from cardiov- 
ascular diseases and radiation. 

^ NEOPLASMS 

7.58 Ther$ were minor elevations in 
mortality from causes other than neo- 
plasms (abnormal growth) but, all in all, 
' there was little evidence of radiation ef- 
fect on other causes of death, including 
tuberculosis, stroke, and other diseases of 
the circulatory sySte»m. Lung cancer mor- 
tality increased with dose. This increase 
was particularly significant for those ex- 
posed at ages 35 years and over ATB. The 
occufrence of thyroid cancer was higher in 
Women than in men and showed a signifi- 
. cant elevation with the increase in dose. 
For those less than 20 years ATB^ no sex 
difference for thyroid cancer was evident. 
Salivary gland -tumors increased more 
than five-fold among survivors exposed to * 
high radiation doses compared with the 
nonirradiated population, l^he relative 
risk of breast cancer was significantly 
higher among th^* heavily *^irradiated 
women. Women Who were yj>ung at the , 
time of the bomb are now entering the 
ages of high risk from breast cancer. No 
relationship has been found to date be- 
tween radiation dose and prevalence of 
cancers of the stomach, gall bladder and 
bile duct, liver, bone, and skin. Mortality 
from disease ^yas higher among survivors 
who received large radiation doses ^han 
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among those with small doses or those not 
in-ttie cities. Excessive mortality was espe- 
dallKhiBh for leukemia,, where the radia- 
tion effedf appeared to be pr6sent even 
among xthose estimated to Ivave received 
10-49 rem. MortaJity frorrfcanaer apacfe 
from leukemia was also elevated in survi- 
vors with large radiation doses, but could 
be^demonstrated with reliability only 
among those with doses exceeding 200 
rem. * - . - 



lEUKEMIA 

7.59 Leukemia rates in the high dose 
groups* have declined persistently during 
the period 1950 to 1970, but have not 
reached the level experienced by the gen- 
eral population. However, death rates for 
cancer of other sites have increased 
^sharply in recent years. The latent period 
for radiation induced cancers other than 
leukemia appears to be 20 year* or more. 
There was increased leukemia with a dose- 
response relationship with the peak occur- 
ring^out six years after exposure. The 
effectVas greatest" among those Exposed 
during childhood. The lowest dose cate- 
gory with a high frequency of leukemia 
was 20-49 rem. This effect at 2^-49 rem 
was Ji^nd m Hiryshyn^ wbexe neutrons 
constituted a substantial fraction .of the 
total dose. In Nagasaki, -exposure to neu- 
trons was very small and no ca^es of leu- 
kemia occurred among^survivors expbsed 
to 5-99 re'm. , 

MALIGNANT NEOPLASMS 

7.60 After a latent period of about 15* 
years, children who received radiation 
doses of 100 rem or more have begun to 
'^develop an excessive number of malignant 
^ neoplasms. Now,. 25 years after exposure, 
the accumulated increase is ^ost striking, 
with no evidence that a peak has been 
reached. During the next 10 years, thfese 
persons will be entering ages when cancer 
incidence ordinarily begins to increase. 
Forty cases of anemia w^re confirtn^d in 
A-bomb survivors m^^^-year period, but 
the increase in risk due to radiation expo- 
sure was not significant when compared to 
the population. The prevalence of thyroid 



disease increased with dose among Hiro- 
shima females and among those 0-19 years 
ATB in Nagasaki. An increase in preva- 
lence of miscellaneou5 eye diseases after 
radiation exposure was noted, ^except 
among females age 50 or more ATB. 

OTHER FINDINGS ^ * 

7.61 No consistent differences have 
been found by radiation exposlJre for preg- 
nancy, birth and stijlbirth rates, and zero 
pregnancies. Stuiiies of cultured lympho- 
cytes (white corpuscles) have demon- 
strated that radiation induced chromo- 
some changes still persist more than 20 
years after exposure. Furthermore, their 
^ frequency appears to be proportional to 
the exposure dose. A high 'proportion of 
those in utero whoSe mothers received a 
dose of at least 100 rem evidenced complex 
chromosomal abnormalities as compared 
to the comparison groups. There has been 
no manifestation of clinical disease associ- 
ated with chromosomal abnormalities. 

EXTERNAL HAZARD; BETA BURNS - 

7.62 Injury to the body from external 
sources of beta p*articles can arise in two 
general ways. If the beta-particle emit- 
ter^, e.g., fission products in the fallout, 
" come into actual contact with the skin and 
remain for an appreciable time, a form of 
radiation damage, sometimes referred to 
as "beta burn/' will result. In addition, in 
an area of extensive early fallout, the 
whole surface of the body will be exposed 
to beta particles.coming from many direc- 
tions. It is true that clothing will atten- 
u^te this radiation to a considerable ex- 
^tent; nevertheless, the whole body could 
receive ^large dose from i^efe particles 
whichmight be significant. ' 

7.^03 Valuable information concerning 
the development and healing of beta hu^Tis^ 
has been obtained from observatipns of' 
the Marshall Islanders jvho w6jr6'^q)osed 
^ to fallout in March ^1954.- W^j^in'.about 5 
hours of the burst,* radioactive material ^ 
commenced to fall on some of .the islands. 
Although the fallout was observed as a 
white powder, consisting largely of parti- 
cles of lime (calcium oxide) resulting from 
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the decomposition of coral (calcium car- 
bonate) by heat, the isalnd inhabitants did 
not realize its significance. Because the 
weather was hot and damp, the Mar- 
shalese ^'emained outdoors; their bodies 
were moist and they wore relatively little 
clothmg. As a result, appreciable amounts 
of fission products fell upon their hair and 
skin and remained there for a considerable 
time. Moreover, since the islanders, as a 
rule, did not wear shoes, their bare feet 
were continually subjected to contamina- 
tion from fallout on the ground. 

7.64 During the first 24 to 48 hours, a 
number of individuals iu the more highly 
contaminated groups experienced itching 
and a burning sensation of the skin. These 
symptoms were less marked among those 
who were less.contamined with early fal- 

• lout. Within a day to two all skin symp- 
toms subsided and disappeared, but aft'&r 
the lapse of about 2 to 3 weeks, epilation 
and skin lesions were apparent orT the 
areas of the body which had been contaim- 
inatld by fallout particle^. There was ap- 
parently >no erythema, either in the early 
stages (primary) or later (secondary), as 
might have bee'n expected, but this may 
have been obscured by the natural colora- 
tion of the^skin. 

7.65-~The first evidence of- skin damage 
,was increased pigmentation, in the form of 
" dark colored patches and raised areas (ma- 
cules, papules, and rasied plaques). The^e 
lesions developed on the exposed parts of 
the bqdy not protected by clothing, and 
occurred usually in the following order: 
' scalp iwith epilation), neck, shoulders, 
depressions in the forearm, feet, Jimbs, 

* and trunk. Epilation and lesions of the 
scalp, neck, and foot were most frequently 
observed (see Figures 7.65a and 7.65b). 

^ \ f,66 In addition, a bluish-brown pig- 
mentation of the fingernails was very com- 
mon 'amoitg the Marsh*allfese and also 
among American Negroes. The phenome- 
non appears to be a radiation, response 
peculiar- to the dark-skinned races, since it 
was not apparent- in ajny of the white 
Americans who were exposed at the s'ame 
time. T^fie nail pigmentation opcurred in a 
^ numher oif individuals who did not have 
skin lesions. It is probable that thifi^ was 
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Figure 7,65a.— Beta burn on neck shortly after 
exposure. 




Figure 7.65b^Beta bjurn on feet shortly after 
exposure. 



' caused hy gamma rays, rather than by 
beta, particles, as the s^me effect has been 
observed in dark-skinned patients 
undergoing X-ray treatment in clinical 
practice. , ^ ' 

7.67 Most of the lesions were superfi- 
cial without blistering. Microscopic exami- 
nation at 3 to 6 weeks showed that the 
damage was most marked in the outei:^ 
layers ctf the skin (epidermis), whereas 
damage' to ^the deeper tissue was much less 
severe. This*is consistent -with the short 
raf^ge of beta particles irf animal tissue. 
After formation of dry scab, the lesion^ 
healed rapidly Ic^aVrng a central depig- 

^mented^^aiea^^^rrounde^ by an irregular * 
zone of ihcreased pigmentation. Normal 
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Figure 7.68ar~Beta bum on neck after healing. 



pigmentation gradually spread outward in 
the course of a few weeks. ^ 

7.68 Individuals who had been more 
highly contaminated developed deeper le- 
sions, usually on the feet or neck, accom- 
panied by mild burning, itching and pain. 
These lesions were wet, weeping, and ul- 
cerated, becoming covered by a hard.^^t^ 
scab; however, the majority healed r.eadily , 
with the regular treatme^it generally ent- 
ployed for other skin lesions not connected 
with radiation. Abnormal pigmentation ef- 
fects persisted for some time, and in sev- 




eral cases about a year elapsed before the 
normal (darkish) skin coloration was re- 
stored (see Figures 7.68a and 7.68b). 

7.69 Regrowth of hair, of the usual 
color (in contrast to the skin pigmentation) 
and texture, began about 9 weeks after 
contamination and was complete in 6 
months. By the same time, nail discolora- 
tion had grown out in all but ^ few individ- 
uals. Seven years later, there were only 10 
cases which continued to show any effects 
of beta burns, and there was no evidence 
of maligjiant changes. Blood studies of 
platelets and red blood cells indicated lev- 
els lower than average at 5 years after 
exposure; at 7 years after e;cposure the 
platelets contrnued to be slightly de- 
pressed. It thus Appears that repair of 
bone marrow injury was not complete at 
this time. In the 1961 examination of the 
Marshallese people there was a possible 
indication oi bone growth retardation in 
children ;s2die^ ^re babies at tlie time of 
the explosion. 

INTERNAL HAZARD 

: 7.70 Wherever fallout occurs there is a 
chance that radioactive material will en- 
ter the body through the digestive' tract 
(due to the consumption of food and water 
contaminated with fisjsion products), 
through the lungs (by breathing air con- 
taining fallout particles), or ^through 
wounds or abrasions. It should be noted 
th^t even a very small quantity of radioac- 
tive material present in the body can pror 
duc^ considerable injury. Radiation expo- 
sure of varidus organs and tissues from, 
internal"" sources is continuous^ subject 
only to depletion of the quantity of active 
piaterial in the body as.a result of physical 
(radioactive decay) and biological (elimina- 
tion) processes. Furthermore, anterniil 
sources of alpha emitters, e.g., pluto^ium, 
or of beta particles, or soft (low-energy) 
gamma-ray emitters, can dissipate their 
entire energy within a small, J)ossibIy sen- 
sitive, volume of body tissue; thus cai^|ing 
considerable damage. ^ 

7.71' The situation just desiiribed is 
sometimes aggravated by the fact that 
rtain chemical elements tend to concen- 
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trate in specific cells dr tissues, some of 
which are highly sensitive to radiation* 
The fate of a giverT radioactive element 
which has entered the -blood stream ynl\ 
depend upon its chemical nature. Radioso- 
topes of an element which is a normal 
constituent of the body jvill follow the 
same metabolic processes* as the naturally 
occurring, inactive (stable) isotopes of the 
§ame element. This is the case, for exam- 
,ple, with iodine which tends to concentrate 
in the thyroid gland. 

7.72 An elejuent not usually found in 
thg'body, except perhaps in minute traces, 
will behave like one'with similar chemical 
properties that is nornially present. Thujs, 
among the absorbed fission products, 
strontium and barium, which are similar 
chemically to calcium, are lawgely depos- 
ited in the calcifying tissue of bone. The 
radioisotopes of the rare earth elements', 
e.g., cerium, which constitute a considera- 
ble proportion of the fission products, and_ 
Plutonium, which may be present to. some 
extent in the fallout, are also '^bpne-seek- 
ei:s.'^ Since they are not chemical ana- 
logues of calcium, however, they are de- 
posited to a smaller extent and in other 
parts of the bone than are strontium and 
barium. Bone-seekers, are, nevertheless, 
potentially very hazardous because they 
can injure the sensitive bone marrow 
where many blood cells are produced. The 
damage to the blood-forming tissue thus 
results in a* reduction in the number of 
blood cells and so affects the entire body 
a^versely.y ^ * 

7.73 The extent to which early fallout 
contamination can jgjs^tjrnto the blood 
stream will depen^ qpon two main factors: 
(1) the size of th^ particles, ar\d (2) their 

^ solubility, in the ho^y fluids. Whether the 
material is subsequently deposited in 
some specific tissue or not will be deter- 
mined by the chemical properties of the 
elements present, as indicated previously. 
Elements which do not tend to concen- 
trate in a particular part of the body are 

- elin^inated fairly rapidly by natural proc- 

' .esses. 

7.74 The amount of ^radi6active mate- 
j^nl absorbeji^^from early^fallout by inhala- 

:n appeal^ to be relatively small. The 



reason is that the nose can filter out al- 
most all particles over 10 microns (0.001 
centimeter) in diameter, and about 95 per- 
cent of those exceeding 5 microns (0.0005 
centimeter). Most of the particles descend- 
ing in the fallout during the critical period 
of highest activity, e.g., within 24 hour^ of 
the explosion, will be considerably more 
than 10 microns in diametet*. Conse-. 
quently, only a small proportion of the 
early fallout particles present in the aif 
will succeed in reaching the lungs. Fur- 
thermore, the optimum size for passage 
from the alveolar (air) space of the lungs 
to the blood stream is as small as 1 to 2 
" microns. The probability of entry Into the 
circulating blood of fission products and 
other wfeapon residues piresent in the early 
fallout, as a result of inhalation, is thus 
low. Any very small particles reaching the 
alveolar spaces may be retained there or 
they may be removed either by physical 
means, e.g., by coughing, or by t^e lym- 
phatic system to. lymph nodes in the me- 
dia§tinal (middle' chest) area, where they 
may accumulate. 

7.75 The extent of absorption of fission 
products and other radioactive materials 
through the intestine is largely dependent 
upon the solubility of the paTticle^^fy^^ 
early fallout, the fission product as well 
as uranium and plutonium are chiefly 
present as oxides, many oxides of stron- 
tiun^ and barium, however,. are soluole, so 
that these elements enter, the blood 
stream more 'readily and find their way 
into the bones.'^ The element iodine is also 
chiefly present in a soluble form and so it 
soon enters'the blood and is concentrated 
in the thyroid gland. 

7.76 In addition to the tendency of 'a 
particular element to be tajcen 'up by a 
specific organ, the main consideration, in 
determining the hazard from a given ra- 
dioactive isotope inside the body is the 
total radiation dos^ deliveKftjlAwhile it is in 
the body (or specific organ). The most im- 
portant factofs in' determining this dose 
are the mass and half-life of the radioiso- 
tope, the nature and'^energy of the radia- 
tions emitted, and the length* of time it 

* Ev«r^nder theteconditiont, only About 10 percent of the strontium 
or b«rium i* v^"%''y »b«orbed. ^ ' " ' 
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Stays in the body. This time is dependent 
upon the ^'biological half-time" which is 
the time taken for the amount of a partic- 

• ular element in the body to decrease to 
half of its initial value du€f to elimination ^ 
by natrual (biological) processes. Combina- 
tion of the radioactive half life and biologi- 
cal half-time gives rise to the '^effective ' 
half-life," defined as the time required for 
thfe amount of a specified radioactive iso- 
tope in the body to fall to half df its 

• original value, as a result of both radioac- 
tive decay and natural elimination. In 
most cases- of interest, the effective half-, 

* life in the body as a whole is essentially 

> the same ^s that in the principal Ussue (ar 
organ) in which the element tends to con-v 
centrate. For some isotopes ft is difficult to 
express the behavior in terms of a single 
effective half-life bec^iuse of their compli- 
cated metabolic mechanisms in the human 

^ body. ^ * ' 

7.77 The isotopes Representing the 
, greatest potential internal hazard are 
those with relatively short radioactive 
half-lives and comparatively long biologi- 
cal half-times. A certain mass of an isotope . 
of short radioactive half-life will emit par- 
ticles at a greater ratfe than^the same • 
mass of another isetope, possibly of the 
same element, having' longer half-life. 
Moreover the long biological half-time 
'means that the active material wnll not 
readily eliminated from the b.ody by natu- 

> ral processes. For exarijple, the element 
iodine has a fairly long bio'logical Jhalf-time - 
in many individuals. T^he actual value var- 

' ies over a^A^iele Tange^'from a few^ay^ in { 
some p^le'£<? 'm^;|f' years in, others. But* 
on the avB^ge^iJbvis about 90 'davs.. Iodine ^ 
is qujckly taken up by the thyrWd/ gland 
.from-wl^ich\ it is generally elimfn^ted 
slowly. T?he radioisotope iodine-l3JL,^ a, - 
'fairly common fission prodUct>.has a radio- 
active halfMife of only' 8 days. Conse- 
quehtly, if a suffjcienty quantity of^this ' 
isotope enters the blood stream it ig capa- 
ble of causing serious damage to the thy- 
roid. glan4j)eca"use it ren^^ins thel*e dur- 
ing essentially the whole of its- radioactive 
life. " , 
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7J8 At short times after a detanation, 
other radioisotopes of iodide, e.g., iodine 



133 ^nd 135, would contribute .materially 
to th^ total dose to the thyroid gland. 
However, their radioactive half-lives are 
measured in hours, and so they decay to 
insignificant levels within a few days of 
their formation. It should, be mentioned 
that, apart from iitime^iate injury, any 
radioaptive material'that enters the body^ 
even if it has a short effective .half-life, 
-nray contribute to damage whi^h does not 
become apparent for some time. 

7.79 In addition to radioidine, th<e most 
important potentially hazardou's fission 
products, assuming sufficient amounts get 
into the body, fall into two groups. The 
fifs.t, and more significant, CQntains stron- 
tium 89, strontium 90, cesium' 137, and 
barium 140, whereas the second consists of 
a" group of rare earth and related ele- 

' ments, particularly cerium* 144' and the 
chemically similar yttrium 91. 

7.80 Another potentially hazardous ele- 
ment, which ♦may be present to some ex- 
te.Tji>i«^ the e^ly fallout/!s plcftonium, in 

• the form of the alpha-particle emitting 
isotope Plutonium 239. This, isotope has a 
" long radioactive half-life (24,000 years) as 
well as a lotftg biojo^cal half-time (about 
200 years). Consequently, once it is depos- 
ited in the body,' mainly on certain sur- 
faces of the.bone, the arnpunt of plutonium 
present ^nd its activity.decrease at a. very 
slow ra^te. In spite of their short i^ange in 
the* body, VheVontinued action of alpha 
particles over a peript^of years can cause 
significant injury. In sufficient amounts, 
radtum, ^yhich is very similar to plutonibm , 
' in these respects, is"^known to cause necro- 
"sis and tumors of the bon^, and anemia 
— resiilting^in death> * • ^ ^ 

7.^1 Expef^jnewtal evidence indicates 
that neariy all, ifjnot all, inhaled pjuton- 
iu-m deposits in the lungs where. a certain 
poi»tion, less than 10 per^nt, reVn^ins. 
Some of this is found -in th% bronchial 
lyi^ph nodes.,'For thi& reason, the primary 
hazard from inhaled plutonium is to the 
hH)gs and bronchial lumph nodes. It is of 
interest to note that despite the large 
amqunts ofTradibactive material which 
mayjpass through the kidneys in the proc- 
ess of elimination, these organs ordinarily 
are not greatly affected^ By contrast, ura- 
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Aium causes damage to the kidneys, but as 
a chemical poison rather than because of 
its radioactivity. 

7,82 Early falkw^t^-^companying the" 
nuclear air bursts^d^^ef-^J«?^an was so insig- 
. nifrcah't that J^t jvas^-ft^t'observed. Conse- 
quently, no information was ^available /con- 
cerning the potentialities of^fiasion prod- 
ucts and other weapon r^^ic^e's as inter- 
nal sources of radiation^oTlowing the in- 
cident in the Marshall Islands in March 
1954, however, data of great interest wer^ 
obtained. Because they were not aware of 
the significance of the fallout, many of the 
inhabitants ate contaminated food and 
drank contaminated water from open con- 
tainers for periods up to 2 days. 

7.83' Internal deposition of fission prod- 
ucts resulted mainly from ingestion rather 
than inhalation for, in a(5dition to the rea- 
sons given abov^the radioactive particles 
in the air settled out fairly rapidly, but 
. -ccfntaminated food, water, and utensils 
f^T'^rejxs^d^] the time. The belief that 
ingestion was the chief source of internal- 
contamination was 'supported by* the ob- 
servations on chickens and pigs made sooh 
after the explosion, the gaslrbintestinal 
tract, its contents, and the liver were 
found to be more highly contaminated 
than lung^Tgfeue. 

7.84 From radiochemical analysis of 
the urine .of the^Marshallese subjected to 
the early fallout, it was possible to esti- 
mate tjhe body burden, i.e., the amounts 
del)osited in the^issn^s, of various iso- 
topes. It was^ found that fodine 131 made 
the major contribution to the activity at 
the beginning, but it soon disappeared be- 
cause of its relatively short radioactive 
half-lifp (8 days). Somewhat the same was 
true for barium 140 (12.8 days half-life), 
but^.the^ activity levels of the strontium 
isotopes were more persistent. Not only do 
these isotopes have longer radioactive 
half-lives, but the biological Half-time^ 
the element is also relatively long. 

7.85 No elements other than iodine, 
strontium, barium, and th^ rare garth 
group were found to be retained in appre- 
ciable amounts in the t>ody. Essentially aH 
other fission product and weapon residue 

O bivities were rapidly eliminated, because 



o^ either .the shyrt effective half-lives of 
the radioisotopes, the sparing solubility of 
' the oxides, or the relativeiyMarge size of 
-the fallout particles. 

" 7.86 The body burden^ of radioactive 
material among the more highly contami- 
nated inhabitants of thq^^Marshall Islands 
was never very large arid it decreased 
^ fairly rapidly in the course of 2 -or 3 
months* The activity of the strontium iso- 
tepes fell off somewhat more slowly than 
tffat of the othfer radioisotopes^ because of 
the longer -radioactive half-lives and 
greater retention in the bone. Neverthe- 
less, even strontium could not be regarded 
as a dangerous source pf internal radia- 
tion in the cases studied. At 6 months 
after the explosion, the urine of most indi- 
viduals cootained only barelj^ detectable 
quantities of radioactive jnaterial. 

7.87 The most heavily exposed group, 
some 64 Marshallese inhabitants of Eon- 
gelap atoll, reij^ived an estima-ted 175 rem 
whole'-body dose before being evacuated. 
While internal contaminaticm was of con- 
cern in 1954,^ the consensus of the scien- 
tists and medical people was Jthat internal 

. burdens of radionuclides were not likely /to 
produce injury, even in the heavily ex- 
posed group. 'All earl^ symptoms were due 

, to whole-body exposure doses and to skin- 
deposited fallout particles. Based an anal- * 
ysis of urine samples, if was accepted tiiat 
the Marshall Island people were fully re- 
co^^ered from their accidental exposure to 
thermonuclear fallout in 1554. 

7.88 In 1963 a thyroid nodule was dis- 
covered dui^infg routine examination of a 

. 12-year-old-girl,.and in,the following years 
additional cases were discovere.d during 
the annual medical surveys. By 1969, 15 of 
the 19 children who had been under 10 
years of age at the time of exposure had 
developed thyrprd nodules, andl another 
two had severe atrophy of tlie thyfoid 
gland. The method of treatment of all 15 
nodule cases was either partial or totai 
removal 'of the thyroid gland. 

7.89 No children in the less heavily ex- • 
posed group, with whol6-body doses up to 
about 70 rem, have developed thyroid nod- 
ules to date. Adults in the Rongelap group 
have developed thyroid nodules, but the 
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rate of incidence has been less than 1/,^ 
the rate for children. 

7.90 It seems clear that the course* of 
the thyroid ^normalities was beta irra- 

Miation by the radioiodines concentrated 
in^he thyroid gland after ingestion and/or 
inhalation. It is likely there is more trou- 
ble ahead over the years for the Marshall 
Islanders, both adults who w^^feheavily 
exposed 'and those who were cliIlHren in 
the 70 rem exposure graup. It is thought 
the latency period for neoplasms is in- 
versely related to dose.. This theoretical 
rule of latency may explain the bunching 
of thyroid effects from 9 to 14 years after 
exposure. 

7.91 The experience of the'Marshallese 
children illustrates one combination of 
conditions leading to ^ serious radi*oiodine 
threat in nuclear warfare. The children 
were exposed, for the first two days, to all 
of the radiological effects of the fallout 
field, estimated to be 100 E/hr at .1 hour 
aftTer detonation. They received whole- 
body exposure of a,bout"^175 rem. The air 
they breathed, during and after fallout 
deposition 'was unfiltered. They ate con- 
taminated food and drank contaminated 
water. 

7.92 Had the exposure at Rongelap 
been even a factor of three higher, more 
than half of the exposed people would 
have died within a month from the whole- , 
body gamma radiation exposure. Studies 
indicate that in a nuclear attack against 
the U.S., exp^osui^ coujd be a factor of 30 
or higher than at Rongelap in some areas.^ 
Fallout shelters having a protection factor 
of forty would be necessary to limit the 
shelter period whole-body Exposure to 175 
rem, i.e., the dose that the people at Ron- 
gelap received. 

1SQ3 Protection against the threat of 
inlialea and ingested iodines could be pro-v^ 
vided if (1) only filtered air were breathed, 
and (2) only preattack-stored food and 
water were consunied for 30-40 days or 4-5 
11'* half-lives. Since vapor filters are^not 
provided in/allout shelters, any'radioiod- 
irie in the gaseous state would reach th6 

•{Cirt«J Report, Inhalation of Radioiodine from Fallout Hazards and 
Ccwntermeaturoi. Defense CivU Preparedness Agency, Washinjfton. 
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sheltecees: particles stopped by particle 
filters could still release their radioiodine* 
into the ventilation sy'stem. Although it is 
not possible to predict, even withifi order 
of magnitude, the thyroid dose^that could 
be caused by inhalation of fallout radioiod- 
ines, -the threat of inhaled .radioiodines is 
real. Fortunately, this threat is likely to 
affect only small areas of the country and 
it can be countered safely and inexpen- 
sively by, the timely administration of sta- 
ble **blocking" iodine to i;educe the thyroid 
uptake of radioiodines. In general, the up- 
take of radioiodirifes by inhalation is l)e- 
lieved to be minor compared to that from 
ingestion. 

WHOLE-BODY EXPOSURE 

7.94 There is agreement among most 
authorities that a single whole-body, expo- 
• sure of 200 R wjll not affect the average 
adult to the extent that he is incapable of 
performing his oTdinary activities^ In fact,- 
whole-body exposures of 200-300 R have 
. been giv^n to maiay patients with ad- 
J^anced cancer without any manifest 
harmful effect on their physical ;2ondition. ' 
Ciiknges in the^^bldod count occurred, as 
was expected, but these were not suffi- 
cient 1;o require medical treatments. The 
Marshall Islanders who had the largest 
exposure to fallout, received about 175 R 
over a period of 36 hours. In this, group, 
which included people of all ages, the only 
evidence ''of* aciite radiation sickness was 
vomiting* on the day' fallout occurred 
(about 10 percent reported this symptom) 
and changes in the white blood cell count 
and platelet count several weeks later. 
There is also general agreement that a 
single whole-body exposure of 200 R or less 
should not cause radiation sickness severe 
enough to require medical care in the ma- 
jority (9 out of 10) of healthy adults. 

7.95 The exacted results of various 
radiation exposures, if received over var- * . 
iQUs periods of time, are shown in the 
following figure (Figure 7.95). (This figure . 
is tentative; it may be modified as a result 
of re^commendations currently being devel- 
oped by the National Council of Radiation . 
Protection and Measurements. The num- 
bei|, ji^ever, are believed to be realistic.) 
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Figure 7.95'.— Radiation Exposure Doses. 



7.96 To illustrate use of the figure, 
most people receiving no more than a total 
of 150 R during a time interval less tlian a 
week (1 hour, 1 d&y, 3 days, for instance) 
are not expected to need medical care nor 
to become ineffective in work perform- 
ance. Also, people receiving more than 500 
R during on e^ month will need ^medical 
care, and 50% or more may die. ^ 

7.97 This "penalty figure" is intended 
for use by ciyil preparedness officials dur- 
ing 'a war, emergency to provide them a 
simple 'and straightforward basis for tak-« 
ing into account the radiological elements 
of the problem. For example, replenish- 
ment of a shelter's inadequate water slip- 
ply might be justified if a small crew could 
do and if each member's total week's 
exposure could be kept to less than 150 R, 
or the month's exposure less than 200 R. 

7.98 It is known that radiation in- 
creases the chances of genetic damage and 

• T«l<«n from DCPA Attack Environment M«nutl, Chtpttr I. 



other long-term effects. These effects are 
comparatively minor. In a war emergency, 
first minimize the number of deaths and 
second, keep.^the number of people for 
whom medical care is needed as small as 
possible. When circumstances permit,, pre- 
ferred 'consideration should be given to 
children and adults still qapable of pro- 
creation. As conditions permit, emergency 
measures should, be terminated and nor- 
mal standards reinstituted, 
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EXPOSURE AND EXPOSURE RATE CALCULATIONS 



Up tofthis point we have learned that 
the effects of radiation exposure are im- 
portant and ^e have seen w.hat the medi- 
cal consequence? are for. exposures over 
different periods of time. We need a means 
of qalculation that- will assist us^n meet- 
ing -gfuidelines established for emergency 
workers. Jail order? Complicated mathe- 
mattcs? Not at all. At least not at the end 
' oi this c>iapter because by t^ien we will 
have learned: 

HOW to determine exposure and ex- 
posure rates 

HOW to predict future exposure and 
exposure rates 

^ . WHEN.can someone leave-shelter and 
for how long ^ 

WHY prediction and measurement 
" are possible 

INTRODUCTION 

8.1 In chapter 6 we saw that fallout 
arrives at particular locations with re- 
spect to ground zero at various times after 
burst, depending on such factors as dis- 
tance, meteorological conditions, etc.^. 

8.2^ It was also shown that radioactive 
contamination from fallout could deny the 
use qf considerable areas for an apprecia- 
ble period of time. Thus, even without tbfe 
material destruction from blast or thermal 
radiation, many areas/facilities and equip- 
ment could not be used or occupiejl for 
some time virithout extreme danger. 
, 8.3 In deciding what protective meas- 
ures should be taken, including survey 
monitoring operations in an area contami-^ 
nated with fallout,*it is necessary: 
1^. To make some estimate of the permis- 
sible time of stay for a prescribed ex- - 
pomrey or - 



2. To deter.mine the exposure that 
wdbld^e received in a certain time 
period, 

'3. T^ determine an "entry time'^ 'for a 
prescribed exposure and a prescribed 
stay time. 

8.4 If the radiation exposure rate from 
the fission products, produced by a single 
weapon is kno^yn at a certain time in a 
given location, this knovvledge may be 
used to estimate the exposure rate at any 
other time at the same location assuming 
that there has been no externally pro- 
duced change in the, fallout (i.e., from addi- 
tional contaminat/ion or by decontamina- 
tion). In any such calculation, the concept 
of RADIOACTIVE DECAY IS VERY IM- 
PQRTANT. 

DECAY OF FISSION PRODUCTS 

8.5 As we saw in Chapter 2, each ra- 
dioisotope has a 'characteristic decay 
scheme (half-life).^ These range from a* few 
millionths of a second to millions of years. 
When a number of different radioisotopes 
are present— in this case the fission prod- 
ucts of the bomb (fallout)— no one half-life 
.applies for'^the composite. For the* fission- 
prod yx{ts, the shoPt^ived radioisotopes pre- 
dominate in the period iinmediately follow- . 
ing the burst. Since their h^-Iives (decay 
rates) are so short (rapidj, the radiation 
level falls off quickly after the detonation. 
And as thesf short-lived radioisotopes ex- 
pend themselves through dec'ay, the 
longer half-life isotopes form an increasing 
proportion of the fission products and the 
rate of decay of the fis*ion products de- * 
creases. B.ecause of this pattern of decay, 
the material deposited on the ground* at 
increasing times ^fter'the burst will be 



less and le^s radioactive. 
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8.6 Itj calculating the radiation expo; 
sure (or exposure rate) dtte to fallOiit from ^ 
fission products, the gamma rays (because ^ 
. of their long tange and penetrating power) 
s are. of greater significance than the beta 
particles, provided of course that the ra- ^ 
dioacteive n^terial is not^actaally in con-^ 
tact with the skin or inside' the body/ 
8.7* Even though-^there ar6^ different' 
, proportions of gamma ray emitters among 
the radioisotopes in fallout at different 
periods of time, the fact tjjjat there is a 
pattern of decay do§s permit the develop- 
ment throtigh e stimateg-of^^ic filS^ e H^^of ^ 
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levels of exposure and exposure rate at 
certain times after a' detonation andTTn^^ 
fact, permi^ts prediction of exposure and 
exposure rate with a f^{r degyzeevof accu- 
racy. Thei^e are yaiTous''Waysjjf'comirig up 
with these estimates or calculations, some " 
employing a rule of th^mtjf some employ- 
ing mathematical formulae, and others 
employing graphic. presentations (nomo- ^ 
grams). ■ 

NOTE 

No corriputatiofu qf exposure or expd- 
sufe rate should he ncade until they^ 
begin to decrease. You SHOULD. NOT 
\ CALCULATE EXPOSURE RATES^ 
WHILE THEY ARE INCREASING. 
Further^ calculation is no substitute 
for^ccurate instrument readings. 



-Piei«*&g,S,--rXhe 7;10 rule of thum^ for rat^of decay. 
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THE Tltr-'Trate-OF-THUMB. ^ 

8.8 Aftef^exposure rates haJk begun tOy. 
decrease f you can get a^rotl^^w^dea of fu-* 
ture rates by using the 7:10 rule. Simply 
stated, this rule is that for every se^en- 
:fold increase in time after detonation, 
tner'e i& a ^en-fold decrease in exposure 
rate. Figure 8,8 demonstrates ^thls •rule of 
thumb.. ^ 

8.9 Therefore, we see thai^, through use 
of , this rule of>thumb, if a 50/R/hr radiation * 
exposure rate exists at/three hours after 
detonation, by the end of 21 hours it will 
have' decr^^ed to 5 R/hr, and by the end 
of 147 hours it will have decreased to 0.5 R/ 



STANDARD DECAY— 

THE EXI^SURi^RATE FORMULA 

8.10 . The following formula is used ii;i 
-calculating exposure rates: * ^ • 
Rp=ET" 

S'.tl In this eqifation: ( 

R =5 rate at a specific time (T^ ^ ^ 
' . R, = rate on^ ^our after detonation - 
(H + 1)'^ ^ 
T = time (hours) after detonation 
n = 1.2 (fallout decay exponent) 

NOJE 

When n is equal to 1.2 the situation is 
referred ta as standard decay. When n 
assumes othef vahies nonstandard de-y 
cay conditions pxist, • ' 

STANDARD DtCAY— AN EXPOStfRE ' ' 
RA7E PROBLEM 

8.12 If the exposure rate at a given , 
location one hour after detonation- was 30 *^ 
R/hr, what would the rate be at tlii^ Ioca"- ;*^..^ 
ttpn 12 hdurs after detonation? *<V/>VV? 

SOLUTIOl^ 
R, = 30 R/hr 
• R =? r 

T =12hoi3rs r ^ .-'^ " .Ta%; 

n =1.2 

Substitute values in the abov? farmuiaj ;/; f . 
R, =RT" '.^ >/»J *'.-'.•*■ 



30 = R (19.74)* 

\ 

From Figure 8.14 (12)-'-^ =19.73 



. STANDARD DECAY— THE EXPOSURE 
FORMULA 

8.13 Tlie following formula is used in 
calculating exposure. 

E = -At . (T,'-" - Tj'-") 
. . n - 1 

8.14 In this equation: 

E = exposure from time T, to 

Ri = exposure rate one h6ur after 

detonation (H + 1) 
T, = time of entry 

= time of exit 
n =1.2 (fallout decay exponent) 

8.15 As an aid in using either formula 
presented above, Figure 8.14 gives the 
computed values of P-^ and T~^-^ for vari- 
ous selected values cf T. 



E = 



50 



STANDARD DECAY— AN EXPOSURE 
PROBLEM . . 

8.16 What exposure would a monitoring 
team r'eceive in a radioactive contami- 
nated area if the team entered the area 5 
• hours after a nuclear burst and stayed for 
a period of 10 hours? The exposure rate at 
H + 1 was 50 R/hr. 



SOLUTION 

E = ? ' 

R, = 50 R/hr 

T, = 5 hours 

T2«= 5+10 =.15 hours 

n = 1.2 ^ 

Substitute values in the above formula: 



1.2^ 1 



50 



E =—(5-0-2^ 15-0.2) 



. E = 250 (0.725 -0.582)** 
E = (250) (0.143) 
E = 36 R 

**From Figure 8.14 5-^-2 =0,725 and 15"^ ^ 
=0,582 
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STANDARD DECAY— EXPOSURE RATE 
NOMOGI^AM 

8.17 If, of the factors (1) time after 
detonation; (2) exposure rate at H +1, and 
(3) exposure rate at: a particular time, we 
know any two, then the other one can be 
found by using a nomogram developed spe- 
cifically for exposure' rate calculatibns. 
(You will recognize these factors as com- 
ing from the formula of paragraph 8.10, 
namely, R,=RT"). The nomogram appears. 

" as Figure 8.17 and is based upon the 
standard fallout decay exponent of 1.2. 

8.18 To u^se the e:xposure rate nomo- ' 
^ Igram ^own in Figure 8.17, connect any 

two kno\^?n quantities with a straightedge 
and read the unknown quantity directly. 



STANDARD DECAY—AN EXPOSURE 
RATE NOMOGRAM PROBLEM 

8.19 If the exposure rate in an area is 
60 R/hr at H + 5, what will be the rate at 
H + 10? , • 

8.20 Solution: With a straightedge, con- 
nect 60 R/hr on the **Exposure Rate at 

- H + T" column with 5 hours on the ''Time 
>Aft^er Burst'' column. The fs^te of 410 R/hr 
IS read on the "Exposure Rate at HH- 1" 
column. Next, connect, with the straight- 
^ige, 10 hours on the ''Time After Burst''' 
column with 4i0 R/hr on thei'ExposaTe^ 
Rate at H + 1" column and read the an- 
swer directly from the "Exposure Rate at 
H + T' column. 



2 O^f ^wer: 26 R/hr. 
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Figure S.n^Exposure rate ho'mogram. 



STANDARD DECAY^NTRY TIME— STAY 
TIME— TOTAL EXPOSURE NOMOGRAM 

8.21 Just as it' is possible to develop a 
nomogram for expasure rates- and t i m e 
through the use of the exposure. rate for- ' 
mula and standard fallout decay exponent 
of 1.2, so can we produce a nomogram for 
the exposure formula. 



8.22 This nomogram is found in Tigure 
8.22. 

. 8.23 To use this nomogram, connect 
two known quarititied with a straightedge 
and^ocate the point on the 'TB/R/'^ column 
where tj^e straightedge crosses it. Connect 
this point with a third known quantity and ' 
read the answer from the appropriate col- 
umn. 
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Figure 8.22^Entry time-5t 

STANDARD DECAY— AN ENTRY TIME 
NOMOGRAM PROBLEM 

8.24 The' exposure rate in an area at 
H + 7 is 35 R/hr. The stay time is to be 5 
.hours and the miSsion exposure is set at 35 
R. What is the earliest possible entry 
time? 

8.25 Solution: Find the exposure rate 
at H + 1 from the Exposure Rate^ Nomo- 
gram (Figure 8.1'J!)1 Connect this value on 
the "Exposure Rate at H + 1" column with 
35 R on the "Total E^jcRdsure" column and 
read 0.1 on the "E/R/' column. Connect 0.1 
on the *'E/R,'' column with 5 hours on 
"Stay Time'' column and read the answer 
from the '*Entry Time*' column. 

Answer f H ^f- 24/ ' :^ 

standaMd decay— a stay time 
nomogram problem 

Q Entry into an area with an expo 



time^total-exposure nomogram. 

sure rate of 100 R/hr at H + 1 will be made 
at H + 6. What will be the maximum mis- 
sion stay time, if the exposure is riot to^ 
exceed 20 R? 

8.27 Soluj^fen: Connect 20 R in the "To- 
tal Exposure'* column with 100 R/hr in the 
"Exposure Rate at H + 1" column and 
read 0.2 in tfe"E/R,"columnl! Connect 0.2 
in the "*E/R," column with 6 hours in the 
"Entry Time" column, and read the an- 
swer directly frofn the "Stay Time" col- 
umn. * 

Answer: 2.1 hours. 

STANDARD DECAY— AN EXPOSURE 
NOMOGRAM PROBLIgM 

8.28 Find th e total exposure for an in- 
dividual who must work in an area in 
which the exposure rate was 300 R/hr at 
H + 1- Entry will be made at H + H *nd 
the length of stay will be 4 hours. 



8-29 Solution: Connect H +11 on the 
"Entry Time" column with 4 hours on the 
"Stay Tim6" column and read 0.19 from 
the *^E/R," column. Connect 0.19 in the "E/ 
R," column with 300 R/hr on the "Expo- 
sure Rate at H +1" column and read the 
answer from tTie "Total Exposure'^ col- 
umn. 

Answer: 60 R. 



WHAT METHOD SHOULD MONITORS 
USE? ^ ' 

8.30 Nomograms, based on theoretical 
fallout radiaton decay characteristics, 
should be used by monitors w^n it is 
necessary for them to make pOugh esti- 
mates of future exposure rat^ and expo- 
sures that might be expected in perform- 
ing necessary tasks outside the shelter. ' 
However, when fallout from several nu- 
^ clear weapons, detonated more than 24 
hours apart is deposited in an area, the 
decay rate may differ markedly from the 
assumed decay rate. For this reason, cal- 
culations using nomograms should be lim- 
ited as follows: 

a. The time of detonation must be 
known with a reasonable degree of ' 
accuracy— plus or minus one hour for 
forecasts made within the first twelve 
hour^, and plusW minus 2-3 hours 
for later forecasts. 

b. If nuclear detonations occur more 
than 24 hours apart, predicted rates 
may be considerably m erroh Ln this 
case, use the H hour of the latest 
detonation to compute "Time After 
Burst". 

c. At Ihe time of calculation, exposure 
rates must have been decreasing for 
at least 2-3 hours, and forecasts 
should be made for periods no farther 
-in the future than the length of time 
the radiation levels have been ob- 
served to decrease. 

8.31 Have we covered thd subjectjof_ 
exposure Tna^expolur^^ 
That question prompts another question. 
What level of the RADEF organization 
are we talking about? Monitors? In that 
case, yes, we have covered exposure and 
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exposure rate calculations. How about the 
RADjPP Office/Have we taken care of 
him yet? You'll find that answer belowi 

AN OPEN lEHER TO. RADEF OFFICERS 

It 

We have arrived at the point where 
you will have to bear down hard. This 
js the point at which yoUr own profes- 
sionaT-type RAD!EF knowledge makes 
its depar-t«1^ from. the. standard 
RADEF know-how that will be shared 
by so many members^of your RADEF 
organization. ^ 

The following'paragraphs are not 
impossible but then neither are they * 
easy. If you miss a point, go back and . 
reread it because the basic material is 
really here. You will probably notice, 
here and there, «some repetition over 
the' preceding paragraphs but it is 
intended as an aid to better under- 
standing. . , . ' 

We wil] begin with * * * 

A REVIEW OF RADIOACTIVE DECAY 

8.32 Each radroa<;tive isotope has ar 
characteristic h^V-Iife. These range from a . 
few millionths a ^lecond to millions of 
years. However, Nvhe^many radioisotopes 
contribute to the exposure rate, as in the 
case of the fission products from a nuclear 
'Weapon, no one h^lMifq applies for the 
composite. With fission products there is a ^ 
predominance of shqrt-lived radioisotopes 
in the period immediately following the 
burst; hence the exposure rate decreases 
very rapidly. As these short-lived radioiso- 
topes expend themselves, the longer half- 
life isotopes become dominant and the de- 
cay rate of the fission products decreases. 

8.33 We know that radioactive decay of 
the fission products can be estimated us- 
ing the general equation Rj = RT» where R, 
equals the exposure* rate at unit time, R 
equals the exposure rate at any time T 
measured from the time of burst, and n is 
the ^llout decay exponent. Time may be 
measured in any units— minutes; hours, 
days, weeks, etc] provided unit time and T^ 
"We eJcpressed in the same units. 

STANDARD ^CAY— A WORD ABOUT 
THE EXPpNENT (1.2) 

8.34. Attempts to fit observed decay of 
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fallout from actual' tests with a general 
equation of^he form R, = RT"'have re- 
quired "values of n ranging from about 0.9 
to 2.2. We have learned that attempts to 
predict the decay of actual fallout fields on 
^he basis of any given decay law (i.e., 
assuming some constant value for n) are 
almost? certain to be grossly inacewate. 
The value of n will vary with bomb design, 
the amount aitfl type of neutron-induced 
activity, fractionat-itJRS^nd in a particular 
area, with weathering d^nd decontamina- 
tion. ' ' 

8.35 JFqt planning ^purposes, a value of 
n = 1.2 is frequently used and, foK plan- 
ning, this value is quite satisfactory. How- 
ever^ accurate iyforjnation of exposure 
rates and rates of decay must depend on 
repeated monitoring under the same condi- 
tions at the same locations. 

PLQniNG THE EXPOSURE RATE hIsTORY 

.8.361 Since the fallout at any location 
may consist of radioactive material from 
sevjeral^ different weapons detonated at 
materially different times, it will be im- 
practic^K to Iceep track oif the individual 
contributions and ages of each set of fis- 
sion products comprising the fallout. The 
most practical method of forecasting expo- 
sure rates under these conditions appears 
to be based upon'the technique of plotting 
observed rates versus time after detoYia- 
• tion on log-log paper and extrapolating the 
plotted curve. ^ ^ 

^ 8.37 Plotsi of this tyi)e for two or three 
representative points across a community 
will ^nerally be adequate. If the require- 
ment exceieds this, it may be advantageous 
to compute the value of the fallout decay 
exponent n and use the gener^al equation 
Ri^=RT" to predict future exposure rates 
in areas where the fission product compo- 
sition is £he same. 

B'.38 R,=RxTx" and R, = RyTy" ^etc. The 
most -useful form of the general equation 
will probably be RxT/=Rjr^". Application 
of this formula is discofesed in a later 
paragraph (8.55). * 

8.39 The procedure for plotting ob- 
Q^%-ved exposure rates is as follows. From 
I J WDET (report jj^ time of detonation) re- 



ports or simply from observations of the 
flash, the Wast wave, or th^ cloud of the 
detonation, the time of burst of most 
weapons within a radius of 100 to 200 
miles will be known. Thus, the RADEF 
Officer will know the time of formation of 
most qf the fission products in his immedi- <3 
ate area and from the current *'DF" report 
he will generally know which specific deto- 
nation is causing the major fallout prob- 
lem in his community. 

8.40 The RADEF Officer can then plot 
or direct the plotting of observed exposure 
rates agaiyist time on log-log paper., Fu- 
ture ratj^can be estimated by projecting 
the curye to* future times of concerti. 

8.41 However, as a practical limit, fore- 
casts of future exposure rates generally 
shoujd be made for periods no farther in 
the future than the length of time exposure ^ 
rates have been observed to decrease. 

8.42 For example, if exposure rate pb- 
.servations" have been decreasing for the 
preceding 12 hours, they will be plotted 
and, ^provided the plot for the last few 
hours approximates a straight line, the 

' curve can be extrat)olated (extended) for 
12 additional houfs to forecast the rates 
during that time period. Caution must be 
exercised in extrapolating the curve dur- 
ing periods of fluctuation. 

8t43 If, after a. period during which the 
.logarithmic ^cay is approximately a 
straight line, the rate is observed to mate- 
rially increase — this indicates the arrival 
of significant additional fallout. If the ex- 
posure rate appears to b£ equal to or less 
than the maximum exposure rate from 
earlier fallout, continue the original plot 
based on the hour'' of the original 
' fallout. 

8.44 However, if considerable time has . 
^ elapsed since arrival of the first fallout, 

and the increase iti exposure rate equals 
or exceeds the maximum exposure rate 
from earlier fallout, plot a new graph us- 
ing the estimated H hour of the latest 
fallotrtar'the referenfiecrtime. — ^ — ^ 

8.45 After the .plot indicates an orderly 
decrease /nearly a .straight line log-log 
plot), extrapolati6n of the curve can again 
provide a reasonable basis for estimating 



exposure rates for future periods subject 
to the-above-mention^d restriction. 

8.46 It should be emphasized lhat the 
. actual exposure rate may vary consider- 
ably fj^xn the forecast rate. Thus, opera- 
tions likely to require high radiaton expo- 

• sures should' be carried oyt on the basis of 
ob€erved rates, not forecast rates. The 
forecast ^is simply^ a guide to aid a local 
coordinator in planning his forthcoming 
surviv^al and recovery operations. 

8.47 A forecast exposure rate could be 
considerably in;verror if additional fallout 
occurred after the forecast viras made or if 
the rate of decay^^changed materially from 
that indicated by the plots on the log-log 
graph. 

8.48 The latest fallout analysis, based 
upon ciirrent exposure rate reports, 
should be the basis^fpr current operations. 
Plans for future opet^dtions should 'be 
based upon fhe current fallout analysis ' 
modified according to^the forecast from a 
log-log plot; 



A PRACTICAL EXAMPLE 

8.49 The following exercise presents a 
hypothetical situation- in which we 'will 
predict future exposure rates from a series 
of radiological reports. (The curve which 
will be used doesno^^^necessarily represent 
a fallout decay cul^ve which might be ex- 
pected in an actual situation^ 

8.50 We are given certain data as fol-^ 
lows: 



1. First, we plot the data as indicated by 
the arrows in Figure 8.50a. * * 

2. Next, we draw a' smooth, curve 
through the plotted points as shown ' 
in Figure 8.50b. ' ^ 

3. Now, in order to forecast the expo- 
sure rate at H + 80 and H + 90, ^we 
extend the curve to 90 hours as a 
dotted line. This is shown in Figure 
8.50c. ^ 

4» Assume that we now receive addi- 
tional monii;ored data as follows: 



Titufa/lrr 
burst (kour$f 
70 

.80 

90 



Exp09ur<raU Ttme after 

(R/hr(^^ bunt (hours/ 

155 100 

131 110 : 

-.^ 115 120 



SxpoMurtrate 
(Rlhr) 

^ 103 

91 

83 



time afltr Exposure rate 
burst (H^urt) ' (Rlhr) 
0 

2 0 

3 1 

4 23 

6 250 

^ - 790 

7 910 

8 : 860 

9 805 

10 750 

12 640 

14 .... 64Q 

16 460 



Time ttfter Exposure rate 
burst (Hours} (Rlhr) 
IS 880 

20 1 

22 _ 410 

24 415 

26 410 

28 495 

30 400 

36 326 

42 280 

48 240 

64 216 

60 186 
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5. We plot the additional data. 

6. Then we draw a smooth curve 
through these additional points as 

, shown in Figure 8.50d. Notice the 
comparisofi between ^the forecast ex- 
posure rates and the actual up-dated 
plot. 

8.51 The fallout decay exponent n may 
be computed directly from the plotted ex- 
posure rate curve since n ,is numerically 
equal to the slope of the curve. Further, n 
is constant only when the plotted line is 
straight. We can determine n from the 
graph by dividing the measured distance 
AY in inches by the measured distance AX 
in inches as indicated yi Figure 8.50e. 

8.52 Looking at Figure 8.50e, let's de- 
terming n at H + 110. We see that AY and * 
AX are the vertical and horizontal dis- 
tancTes, respectively, coverjsd by the curve 
in the area of our interest, we ?neas2>6re 
these distances in inches, divide A Y1^ AX, 
and^find that n at H + 110 is equal to 1.1. 

8.53 Now, if practical, n can be used to 
forecast exposure rates as indicated in the 
following example. (A table of logarithms 
and a br(ef explanation 'of their u$e is 
included as Figures 8.53a and 8.53b.) 

8.54 Before working out our example, 
go back and reread paragraph 8.38. You 
will find it helpful in solving the exa^nple. 

8.55 Now for the sample problem in 
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Rx = 108 R/hr 
Tx-=4days. 

Ty = 8 days , 
n =^ 1.-1 
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expTDsuife rate forecasting using a com- 
puted v^lue of n. Th^ exposure rate at 

. '(1Q3)(4>» ^=*(R>}(8^* 
log 108 + J.llog4'=logR 
(2.0334) 1.1 (.6021) =: log 
log R;. = 2.0334 + 0.6623 - 
Answer: Ry = 50 R/hr. 

• ' I 
EXPOSURE CALCULATION FROM Afi 
EXPOSURE RATE .HISTORY CURVE 

8.5,6 DCPA recommended radiological , 
defense reporting procedures provide Jor 
accumulated exposure. reports each day 
from fallout 'monitoring' stations for the 
first six days follo>ving an- attack. These . 
reports will be based on dosimeter meas- 
urements, which are the sinriplest means of 
determining exposures. Dosimeter? inte- 
grate the exposure over a period of time 
and account. direct?ly for the decrease in 
exposure rates due to decaj^. 

8.57 However, there may be instances 
when the RADEF Officer must estimate 
exposure from a series of exposure rate 

-measurements. The following paragraphs 
will provide a quick and easy method of 
estimating such exposures. 

8.58 It is relatively simple to- forecast 
exposure rates and, consequently, total ex- 
posure of individuals when the fallout 
decay exponent remains constant over 
long periods of time. These estimates, how- 
ever, are normally made only after fallout 
is complete. 

8.59 If we are concerned with estimat- 
ing the total exposure for the periods (l>of 
fallout deposition, (2) when the value of 
the fallout decay exponent is changing 
rapidly,, or (3) when fallout from^ several 
detonations contributes to the exposure 
rate, calculation of these estimates be- 
comes more complex. 

_ 8.60 A satisfactory estimate o^total ex- 
posure can be obtained by plotting expo- 
sure rates versus time after detonation 
' and determining total exposures from the 
graph. ^ 



H -H 4 days is 108 R/hr; if n = 1.1, predict 
the rate at H + 8 days. 



y -H 1.1 log 8 

Ry 1.1 (.9031) 
0.9934 =: 1.7023 



8.61 First, divide the expo§ure period 
ii^to small increments. When the slope of 
the curve is changing rapidly, the incre- 
rifents should be small. Wh^n the slope is 
relatively straight over the exposure pe- 
riod, the increments may be larger. The 
increments n^ed not be equal in size. 

' 8.62 As a general rule, an increment 
should no£ exceed orie>rhalf of the time 
from detouatipn to thJ^ beginning of the 
increment. For exampla^if the increments 
begins at H ^ 10, it shftuld not be larger 
than 5 hours. Rowever,^ if the slope of the 
^urve chaiiges appreciably during this 
tim^, it may be necessary to use even 
smaller increments. During the initial pe- 
riods of fallout deposition, the increments 
should be no larger thari 1 hour. 

8.63 Now Took at Figure 3-63 to see how 
a sample exposure period is broken into 
increments. 

' 8.64 Next, we^determine the average 
exposure rate within each increment and 
multiply this by the elapsed titne. This will 
give us the exposure for each increment 

.and the sum of these exposures will give 
us the total exposure for the peHod. The 
calculations involved are presente^ below. 



> AverAge exposure 
Average rate x 

Increment ex)>o*ure rat€ elapsed tt\ne » exposure 

A (100+80)-2=90 ^-.9ax2«18a. 

B (80+50)^2=65 05x^=195 

C (50+30)-r2=40 40x5=200 ' 

. Total 675 E '- 
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1 



6 



8 



9 / 



11 

12 
13 
14 

15 
lb 
17 
IH 
19 

20 
21 
22 
23 
24 

■25 
26 

^7 
2« 
29 

ft 

32 
33 
34 

35 
36 
37 
3« 
39 

40 
41 
42 

43 



UXJO 0043 0U«6 Jl28 

-CI414 0453 0492 0531 

0792 0828 0864 0899 

1139 1173 1206 1239 

1461 1492 1523 1553 



4& 

4b 
47 
4»< 
49 

\\ 
52 
53 
54 



0170 0212 0253 0294 0334, 0374 

0^9 Ob07 Ob4J Ob82 0719 0755 

0934 0969 1001 1038 1072 1106 

1271 1303 1335 1367 1399 1430 

1584 1614 1644 1673 1703 1732 



1761 -1790 
2041 2068 
2.ttJ4 2330 
2577 
2784 '2810 

3010 3032 
3222. 3243 
3424 3444 
3617 3636 
;<802 3820 



3979 
4150 
4«il4 
4472 
4^4 

4771 
4914 

5051 
5185 
5315 



3997 
^166 
4330 
4487 
4639 

4786. 
4928 
5065 
5198 
5328 



1818 

2095 
2.555 
-2601 

3054 
#«263 

365^ 
3838 

4014 

4183 
4346 
4502 
4654 

.4800 
*4942 
-5079 
5211 
5340 



5441 5453 5465 

5563 5575 5587 

5682 5694 5705 

5798 5809 5821. 

5911 5922 5933 



1847 

2122 
2380 
2625 
,/2856 

3075 
3284 
34^J3 
3674 
3856 

4031 
•4200 
4362 
'4518 
4669^ 

4814 
4955 
5092 
5224 
5353 

5478 
5599 
,5717 
5832 
5944 



1875 1903 

2148 2175 

2405 2430 

2648 2b72 

2878 2900 

3096 3118 
3304 3324 
3502 3522 
3692 3711 
3874i;^92 

4048 ' 4065 
4216 42^2 
4378 439;3 
4533 4548 
4683,4698 



1931 
2201 
2455 
2695 
2923 

313d 
3345 
3541 
3729 
3909 

4082 
4249 
4409 
4564 
4713 



1959 
2227 
2480 
2718 
2945 

3160 
3365 
3560 
3747 
3927 



1987 
2253 
2504 
2742 
2967 

3i81 
3385 
357a 
3766 
3945 



4116 
4265) 4281 
442^ 4440 
4579 4594 
4728, 4742 



6021 
6128 
6232 
6335 
44 j 6435 



6532 
6628 
6721 
6812 
6902 

6990 
7076 
7160 
7243 
7324 
> 



6031 
6138 
6243 
6345 
6444 

6542 

6637 
6730 
6821 
6911 



6042^^53 
6lnra .6160 
6253 6263 
6355 6365 
6454 6464 

6551 6561 
6646 6656 
673J>*-6749 
6830 6839 
6920 6928 



4829 4.843 4857 

4959* 4983 4^7 

5105 5119 5132 

5237 t 5250 5263 

5366 1 5378 5391 

5490 '^'''5514 

5611 5623 5635 

57^9 5740 5752 

5843 , 5855 5866 
5955 5966^-5977 

6064 1 6075 6085 

6170 6180 6191 

6274 6284 6294 

6375 6385 6395 

64 /< b484 6493 



4871 
5011 
5145 
5276 
5403 

5627 
5647 
5763 
5877 ► 
5988 



4^ 
5024 
5159 
5289 
5416 

5539 
5658 
5775 
5888 
5999 



6998 7007 7016 

7084 7093 7101 

7168 7177 71H5 

7251 7259 7267 

7332 7340 7348 



6571 6580 
6665 r6675 
6758 6767 
6«48 6857 
6937 1 6946 

702 1 7033 
711(3 7118 
7193 7202 
7275772H4 
7356 7364 



65p0 
6684 
6776 
6866 
6955 



6096 61^ 
6201- 6212 
6304 6314 
6405 6415 
6503 65}3 

6699 



2014 

2279 



3201 
3404 
3598 
3784 
3962 

4133 
4298 
4456 
4609 
4757 

4900 
5038 
5172 
5302 
5428 

5551 
5670 
5786 
5899 
6010 

6117 
6222 
6325 
6425 
6322 



^670Z 
6785 6694 
6875,^-6884; 
6964 6972 



7042 
7126 
7210 
•729i 
7372 



7050 7059 
7135 7143 
7218 7226 
|2-<?31KI 7308 
2^7380\ 7388 



-6618 
6712 
6803 
6893 
6981 

7067 
7152 
7235 
7316 
7396 



55 
56 
57 
58 
59 

60 
61 
62 
63 
64 

65 
66 
67 
68 
r69 

70 
71 
72 
73 
74 

7S> 
76 
77 
78 
7? 

80 
81 
82 
83 

85 
86 
87 
88 
89 

90 



0 ■ 1 



7404 7412 7419 

7482 7490 7497 

7559 7566 7574 

7634 76.42 7649 

7709 7716 7723 

7782 7789 7796 

7853 7860 7868 

7924^7931 7938 

7993 8000 8007 

8062 8069 8075 

8129 8136 8l42 

8195 t«202 8209 

8261 8267 8274 

8325 ^^1 8338, 

8388 8395 8401 

8451 8#7 8463 

t513 8519 8525 

573 8679 8585 

8633 ,8639 8645 

8692 8698 '8704 

8751 8756 \ 8762 

8808 8814 8820 

8865 8871 8876 

8921- 8927 8932 

8976^*8982 8987 

903r 9(S6 *9042 

9D85 9090 9096 

*9138 9143 9149 

9191 9196 9201 

9243 9248 9253 



7427 
7505 
7582v 
7657 
7731 

7803 
7875 
7945 
8014 
8082 

8149 
8215 
8280 
8344 
8407 

8470 
8531 
8591 
8651 
8710 

8768 
8825 
8882 
8938 
8993 

9047 
9101 
9154 
9206 
9258 



^513 
7589 
7664 
7738 



5 .6.7 



7443 7451 , 7459 
7520 7528 7536 
7597 7604 7612 
7672 7679 7686 
7745', 7752 * 7760 



7810 7818 7825 7832 
7882 7889 ' 7896 7903 
7952 7959 7966 797^ 



8021 
8089 

8156: 
8222 
8287 
8351 
8414 

8476 

8537 
8597 
8657 
8716 

8774 
8831 
8887 
8943 
8998 

9053 
9106 
9159 
9212 
9263 




9294 
9345 
9395 
9445 
9494 



19542 

91 ^90 

92 9638 
9685 
9731 



9^99 
9350 
9400 
9450 
.9499 

9547 
95|5 

9689 
9736 



.9304 
9355 
9405 
9455 
9.504 



95 9777 9782 

96 9823 9827* 
9868 ,9872 
9912 9917 
9956 9961 



9309 9315 
9360 -9365 
9410 9415 
9460 9465 
9509 " 9513 

9557 9562 

9605 9609 

9652 9657 

9699 9703 

9745 •9750^ 

9 791^9795 

9881 9886 
9926 9930 
9969 '9974 



8028 ^ 8035 8041 
8096 8102 8109. 



<8162 
8228 
8293 
8357 
8420 



8176 
8241 
8306 
8370 
8432 



8779 
8837 
8893 
89491 
9004 

90^ 
9112 
9165 
9217 
9269 

932b 
9370 
9420 
9469 
9518 

9566 

9614* 

9661 

9708 

9764 



9063 
9117 
917P 
9222 
9274 

9325 
9375 
9425 
9474 
9523 

0^71 
9619 
9666 
9713 
97S9 



90^9 
9122 
9175 
9227 
9279 

9330 
9380 
9^0 
9479 
9528 

9575 
9624 
_9671 
9717 
9763 



8 ^^9 

746i V474 
7543 7551 
7619 „ 7627 
7694 7701 
7767 7774 

1^ 7846 
7910 7917 
7980 7987- 
8048 8055 
8ll6 . 8122 

8132 ^ 8189^ 
&48 8254 

'^8500 8506 
8561 8567^ 
8621 . : ~ 
8681 86^6 
8739 8745 

8797 8802 
8854*«859 
8910 891& 
8965 ^\ 
902^ 9025 

9074 9079 

9128 9133 

9180 9186 

9232 9238 

9284 9289 



9335"^ 

9385 

9435 

9484 

?533 

9581 
9628 
9675 
9722 
9768 



9800 9805 



9890 9894 
9934 -9939 
9978 9983 



9809 9814 
^"9854=^9859- 
9899 9903s 
9943 9948 
9987 9991 



9340 
9390 
9440 
8489 
9538 

9586 
9633 
9680 
9727 
9773 

98ia 



9908 
9952 
,9996 
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This discussion of ^logarithms will deal only 
with thX so-called "common" logarithms whi<I*h 
use a base equal to 10. 

Finest, a defihitibn of a logarithm:: 

the logarithm of a number N to the 
"base a is the^ exponent x or the power 
to which the base, must be raised to 
equal the number N. 

In other words ^ 

log N is the logarithm of N to the 
base lO 

Thus: V 

* if N = lO^j then x = log N - ' 

Further: ^ ' 

* log N = characteristic + mantissa 

(For instanc^^T^og 12. '3 = 1 + .686^* = 1.686?)~ 



The mantissa (or d^^jnal part of the logarithm) 
is found from the tables of logarithms (Figure 
8.53^). 

The char^t 6ri s ti c is determined in accordance 
with two rules: 



if the number N is greater than 1, the 
characteristid of its logari>fchm is one 

^ 



less than the number of digits to the left 
of its decimal point . • . 

or / 

if the numbeir N is less .than 1, the ' 
characteristic of its logarithm is neg- 
^"^ •gutjy^ "; if* the first digit which is not^ 
zero is found in" the kth decimal pllice, 
the characteristic is -k. 

Now, to use logarithms *to multiply two numbers, 
M and N, find log M and^log N: 

if N = 10^, then x = log N* 

if M = loy, then y = log M 

To multiply M times N: 

X + y = log M + log N = log^ (M*N> 

When X (the logarithm of N) is added to y (the 
logarithm of m) , the sum is anpther logarithm, 
't he~logarithm^f~ldlbimes The antilogarithm 
of this value of x plus y is M times N. Orr 

antilog (x + y) = antiiog (log M + log N) 

^ = M times N.^, 

Antilogs are found by using the tables in re- ' 
verse, -i.e., enter the 'tables' with a log (not 
a number) in order to find a number (not a 
.log)- ' 
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Figure 8.53br-U8ing Common Logarithms. 
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RADIOLOGICAL MONITORING TECHNIQUES AND ORATIONS 



Consider, for just a moment, what .kind 
of radiologrical defense could we Jbuild if we 
did not have ^radiological monitoring? It 
wouldn*t be worth much, would it? Radiol- 
ogical defense is built on facts and radiol- 
ogical monitoring provides those facts fofr^ 
RADEF decisions and actions. Once a 
nuclear attack is past, this becomes even 
more tnie with each passing hour for just 
as long a time as radiation remains^ a 
danger.^ So if there is a technique in this 
business of raidiological monitoring' (and 
there is, very definitely), let's take a look 
at it to find out : 

HOW to Inonitor 

WHE N t o mon itor,^ 

WHAT to monitor 

WHO to monitor 

WHERE to^monitor 

(. . . as to WHY to monitor, we have 
learned all the reasons for that one quite a 
few pages back!) 



INTRODUCTION 

94 The data' supplied by radiological 
monitors is the key to RADEF decisions 
-on what to. do and how to do it. And in -time 
of^emergency these decisions may be the 
key to living or dying. Let*s>take a closer 
look at this vital activity. _ „ 

WHAT IS RADIOLOGICAL MONITORING? 

9.2 Radiological monitoring js defined 
as the detection and measurement of ra- 
diation emitted by fallout. With the infor- . 
mation gained through monitoring we can: 
(1) determine extent and location of fal- 
lout; (2) validate predictions about fallout; 
and (3) decide on a course of action. 



MONITORING TECHNIQUES ^ 

^.3 The following paragraphs describe 
tl<e detailed techniques and procedures for 
conducting each type of radiological moni; 
toring activity. Fallout station monitors 
5 are responsible for performing all of the 
fnonitoring techniques outlined in this sec- 
tion. Shelter monitors are responsible for 
performing all of the techniques, except 
for unsheltered exposure rate measure- 
ments and unsheltered exposure measure- 
ments. . • • 



SHELTER AREA MONITORING 

_ SA Expo s u re-ratea-shoujd-be-measured- 



inside of a shelter, or a fallout monitoring 
station to determine the best shielded por- 
tions of the shelter and its immediate ad- 
joining are^s. Procedures for this monitor- 
ing are as follows: 

1. Use the CD V-715. 

2. Check the operability of the instru- 
ment. 

3. Hold the instrument at belt height (3 
feet above the ground). 

4; take readings at selected locations 
throughout the shelter and adjoiriing 
areas and record these on a sketch of 

. the area. 

UNSHELTERED EXPOSURE RATE 
MEASUREMENTS 

9.5 Fallout monitoring stations report 
unsheltered exposure rate readings. Pro- 
cedures for observing unsheltered expo- 
sure rates are as follows: 

1. Use the CD V-715. 
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2. Check the operability of the instru- 
. ment. 

3. Take .an exposure rate reading at a 
specific location in the fallout moni- 
toring station. This should be done as • 
sopn a^s^the- exposll^eJ^^ reaches or 

"•^ exceeds'O^pS^i^^ 

4. Go outside immediately to a pre- 
,5^^_,l^jannjad:;lpcation in a-clear, flat area 

(preferably unpaved), at least 25 feet 
^. away from biiildings, and take an out- 
side reading. The outside reading 
should be taken within three minutes 
of the reading in step 3 above. 

5. Calculate the outside/inside ratio of 
the fallout monitoring station^ by di- 
viding tl^e outside exposure rate by 
the inside exposure rate. The protec- 

N tion may vary from location to loca- 
. tion within the station. The outside/ 
inside ratio referred ta here is apjgro- , 
priate only for the location where the 
ii>^de exposure rate measurement is 
observed^ ' . 

^' 6TTaintiply7uture inside exposureT^te ' 
readings by the l^^tside/insWe ratio at 
the selected location to obtain the 
outside exposure rate. For example: 
If the inside reading is 0,5 R/hr and 
the outside reading is 80 R/hr, the 
ratio can be found by dividing the , 
outside reading by th^ inside reading. 
Thus, 8ft ^ 0.5 = an outside/inside ra- 
tio of 160. If a later inside reading at 
. the same location in the fallout moni- 
toring station is 4 R/hr, thus outside 
exposure rate can be calculated by 

multiplying the ratio by the inside 

• reading- Thus, 160 x 4 = 640 R/hr. 

7. Recalculate the outside/inside ratio at 
leas t once every 24 Hours during the * 
first few days postattack, unless~the 
outside exposure rate is estimated to 
be above 100 R/hr. This is necessdiy . 

. because the. energy of gamma radia- 
^ tion is changing, thus changing the 
« outside/inside ratio of the fallout 
monitoring station. ^ 

8. Record and report the exposui'e rate 
measurement in accordance with the 
particular RADEF organization 
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standard operating procedure. NOTE: 
It is anticipated that radiation re- 
ports from the county level of govern- 
ment upwards would be limited to; 

a. A flash report immediately upon 
measurement of .5 R/hr and in- 

- creasing; ' - ; 

b. A severe radiation report when the 
radiation level reaches 50 R/hr and 
increasing. 

c. The highest or radiation peak level 
/ if above 50 R/hr. 

d. The time when the decaying expo- 
sure rate passes downward and be- 
low 50 R/hr. 

e. The time whef the radiation level 
decays to .5 R/hr. 

9. Take all exposure rate measurements 
outside after the unsheltered expo- 
sure rate has decreased to 25^R/hr. 
9.6 The CD V-717 remote reading in- 
strument may be used for taking outside 
exposure rate measurements. The CD V- 
717 is used as described below: 

1_ Eosition^-theJnstrum ent a t a s e lect 

location within the fallout monitoring 
station. 

2. Place t^he removable ionization cham- 
ber 3 feet above the ground in a rea- 
sonably flat area and at least 20 feet 

• from the fallout station. Preferably 
this should be done prior to fallout 
arrival. I^ is desirable to cover the 
ionization chamber with a light plas- 
tic bae or other lightweight material. 

3. Observe outside exposure rates di- 
rectly. 

4. Record and report exposure rates in 
accordance with the~^€frtrcular 
RADEF organization, standard opera- 
ting procedure. ^ \ 



UNSHELTERED EXPOSjy|E 
MEASUREMENTS 

9..7 Fallout monitoring stations report 
unsheltered exposure readings. Prx)ce- 
dures for taking these readings are listed 
bjelow: 

1. ZeroaCDV-742. ^ 

2, Measure the unsheltered exposure 



rate in accordance with paragraph 

3. Select an insole location where the 
exposur-e rate is approximately one- 
tenth to one-twentieth of the unshel- 
tered exposure rate apd positiorfethe 
CD V--742 at this location. 

4. Determine the outside/inside ratio for 
this location in accordance with the 
procedure explained previously. - 

5. Read.^e CD V«742 daily. If the daily 
exposlare at this location could exceed 
,200 R, estimate the time required for 
a 150 R exposure on the CD V-742. 
Record this reading, rezero the do- 
simeter, and reposition it. To deter- 
mine the daily unsheltered exposure, 
multiply the daily exposure at this' 
jlocation by the outside/inside ratio: 

6. Record the readings and rezero the 
instrument. 

t ' 



PERSONNEL EXPOSURE MEASUREMENTS 

9.8 The monitor must determine the 
daily exposure of al l shelterees or fallout__ 
intmitoring station occupa^^^^ Procedures 
for determining daily exposures are as 
follows: 

1. Zero all available CD V-.742's. 

2. Position the dosimeters so that repre- 
sentative sh^Jter exposures will be 
measured by the instruments. The 
monitor must exercise judgment in 
positioning these instruments. The 
outside/inside ratio may vary consid- 
erably at different locations within 
the shelter. The instruments should 
be-placed within the areas of greatest 
occupancy, which may change with 
time. During the early jiigh radiation 
period, occupancy will be concen- 
trated 'in the high protection areas of 
the shelter. Later, the occupancy of 

~ the shelter can be expandeds^If repre- 
sentative readings are to be obtained, 
the dosimeters must follow the loca- 

^ tion shifts of the occupants. 
3. If several dosimeters are positioned 
in one compartment, read the dosime- 
ters each day and average the total 
e^dposures. Recharge dosimeters 
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Figure 9.8^Radiation exposure record. 

which read more than half scale. If 
some shelters are divided into com- 
partments or rooms that may have 
different outside/inside ratios, the ex- 
posure should be mea.sured.or calcu- 
lated for each comflBEment. 
4. Instruct the shelter occupants to re- 

coFd-^h^fi-4n<iivid tial expos u res on 

tTieir radiation exposure record (Fig- 
ure 9.8), as approved .by the shelter 
manager. Exposure entries should be 
made to the nearest roentgen. Con- 
tinue to read the dosimeters each 
day. Record the accumulated expo- ^ 
Sure, if measurable. 

9.9 If monitors or other persons are 

, required to go outside, these additional 
exposures should be mieasured^and re- 
corded. 

PERSONNEL MONITORING 

• 9.10 The present DCPA concept is that 
any amount of contamination remaining 
on clothing after brushing and- Wkmg as 
a countermeasure would be insignificant 
as a health hazard. 

FOOD AND WATER MONITORING 

9.11 Sood and water monitoring crite- 
ria and techniques are being reevaluated, 
and are subject to change. During an early 
fallout condition, the radiation level is 
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likely to be above the range of the CD V- 
700. and, in effect, render it unsuitable for 
determining whether food and water sup- 
plies are acceptable for human consump- 
tion. . 

9.12 Since radiation parsing jthrough 
food dqtes-nof contaminate it, the only dan- 
ger would be the actual swallowing of fal« 
lout particles that happen to be on or in 
the'^food itself (or on the can or package 
containing the food). Fallout particles 4| 
sliotild be wiped or washed off. Reaping 
threshing, canning and other processing 
would prevent dangerous quantities of fal- 
lout from getting into most processed 
foods. It is believed that ordinary precau- 
tions, normally taken in preparing foods to 
eat, would keep radiological contamination 
within acceptable limitations. 

9.13 Water systems might be affected 
by ratlioactive fallout, but the risk would 
be sn<all. Water stored in covered con- 
tainers, or in covered wells would not be 
contaminated after an attack. Even in un- 
coyered^containers, indoors, such as buck- 

ets or bath tubs filled with emerg enc y sup- 

plies of water, it is highly unlikely that the 
w&ter would be contaminated by fallout 
particles. Practically atll of the fallout par- 
ticles that drop into open reservoirs, lakes, 
and streams would settle to the bottom. 

9.14 Do not* discard food and water 
known, oi^ suspected to be contaminated. 
It should be placed in storage and used 
when other less contaminated food is not 
longer^ available. If only contaminated 
food pr water is available use supplies with 
the smallest amount of contamination 
^irst. 

AREA (MOBILE) MONITORING 

9.15 Area monitoring is used to. locate 
zones of contamination and determine the ^ 

"exposure rates within these zones. The/ 
monitor should be informed by his Radiol- 
ogical Defense Officer concerning routes 
to be followed, locations where readings 

.are needed, the mission exposure, 'and the 
estimated time needed to accomplish the , 
mission. ^ 

9.16 First, plan to keep personnel expo- 
sures as low as possible: 



1. Know the specific accomplishment, 
extent, and importance of each moni- 
toring mission. - 

2. Know the^^llbwable exposure for each 
mission and the expected exposure 
rates to be encountered. 

3. Make allowances for the exposure to 
be. received traveling to and^i^om the 
monitoring area. Obtain information 
about the condition of roads, bridges, 

1^ etc., that might interfere with the 
mission and lengthen exposure time. 

9.17 Next, consider the clothing which 
will be needed for the mission. - « 

1. Tie pants cuffs over boots or leggings. 

^. When dusty conditions prevail, wear 
a protective mask, gloves, head cover- 
ing, and sufficient clothing to cover 
skin areas. If no masks. are available, 
cover the nose and mouth with a 
handkerchief* 

9.18 Very important, of course, is the 
equipment needed for the mission. 

1. Use the CD V-715. ^If the exposure 
* rates are expected to be below 50 mR/ 

— — hi^alsTrcaTry-th^-e&^-TOO^ 

2. Wear a CD V-742. 

3. Carry contamination signs, if areas 
are to be marked. This may also re- 
quire stakes, heavy cord, hammer and 
nails for posting the signs. 

4. Carry a pencil, paper, and a map with 
monitoring, points marked. \ 

3.19 The procedures for area monitor- 
ing are as follows: 

1. Zero the dosimeter before leaving 
the shelter and place it in a pocket to 
protect it from possible contamina- 
tion. 

2. Check the operability of the CD V- 
715 and CD V-700, if it is to be used. 
Use vehicles sueh ^ auto&i trucks, 

. bicycles, or motorcycles ' when dis- 
tances are too great to coyer quickly 
on foot. Keep auto and truck cab win- 
dows and ven<s closed when traveling 
under extremely dusty condition^. 
The use of a bicycle or motorcycle 
may be more practical if roadways 
are blocked. 

4. Take readings at about three feet 
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Xbelt high) above the ground. If read- 
, ings are taken from a moving vehi-' 
cle, the instrument should be posi- 
tioned on the seat beside the driver! 
If readings* are to be taken outside ja 
vehicle, the monitor should move 
/ severaUeet away from the vehicle to 
: talce thp reading. 

5. Recot'd.the^jcposure rate, the time 
. and location for each reading. If 
readings are taken within a vehicle, 
this should be noted in the report. 
6 6. Post markers, if required by the mis- 
sion. The-marker should face away 
from the restricted area. Write the 
date, time, and exposure rate on the 
back of the marker. 

7. Read the pocket dosimeter at fre- 
quent: intervals^ determine when 
return to shelter" should begin. ^Al- 

, * lowances should 'be made for the ex- 
posure to be received during return, 
to the shelter. 

8. Remove outer clothing on return to 
the shelter and visually check all 
personnel for contamination. 



STDeconta minate, if required. 

10. Report results of the survey. 

11. Record radiation e^Jposure (see Fig- 
ure 9.8). 

EXPOSURE RATE READINGS FROM 
DOSIMETERS 

9.20 Survey instruments should always 
be used to measure exposure rates. How- 
«ever, if no operable survey instruments 
are available, dosimeters can be used to 
calculate exposure rates by following the 
^teps listed below. 

1, Zero a CD V-742. 

2. Place the zeroed dosimeter at a se- 
lected location. 



3. Expose the dosimeter for a measured 
interval of time, but do not remain in 
the radiation field while the dosime- 

, ter is being exposed. This interval 
should be sufficient to^allow the do- 
simetfer to read at least' 10 R. It may 
t^ke one or two tt^ials before the 
proper interval can be selected. 

4, Read the dosimeter. 



5. Divide sixty minutes by the number 
of minutes the dosimeter was ex- 
posed. Multiply this number by the 
measured exposure. Example: If the 
exposure is 10 R for a measured inter- 
val of five minutes, the rate can be 
calculated as follows: 

(60 ^ 5) X lb 12 10 ='12D R/hr. 

MONITORING PPERATIONS 

^ 9i21 Radiological monitors, whether as- 
signed to community shelters or fallout 
monitoring stations, perform essentially 
similar operations. Any departures from 
the operations described here will be the 
result of decisions by State and local orga- 
nizations and musjt be reflected in their 
standard operating procedure^. If local or 
State standard operating procedures are 
not in existence, monitors should follow 
the procedures outlined in the following 
paragraphs. 

'readiness OPERATIONS 

2 D u ri n g peac etime, all a s signed 

monitors should: 

1. Participate in refresher training ex- 
ercises and tests as scheduled to 
maintain an organized monitoring ca- 
pability. 

2. Prepare a sketch of the monitoring ' 
station or shelter and ^tdjoining areas 
for use during shelter occupancy. 

3. * Plan a location in the shelter in coor- 

dination with the shelter manager to 
serve as the center ofmonitoring op- 
erations. 

4. Make all' operational sets available 
om;e -every-two-year s lo the^-State — 
maintenance shop for V^ji^libration^ 
repairs if necessary, and new batter- " 

ies, , I — - — 



SHELTER OPERATIONS 

9.^3 Upofi attack or^rning of attack, 
a shelter monitor i-ejferts to the shelter 
manager in his assigned shelter and per- 
forms the following CHECK LIST of oper- 
ations in ^order: * 

1. Perform an^ operational check on all ' 
survey meters. 
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2. Charjg^e dosimeteifs. 
, Sy Position dosimeters at predesig- 
Tiated locations in the shelter. . 
4. Report to the shelter manager on 
th^ conditions of the instruments 
^ apd the positioning of dosimeters. 
5^.,pheck to see tjie doors, win,dows, pr 
other openings are closed during fal- 
/ lout deposition. 

6. Begin outside monitoring to deter- 
,mine the time of fallout arrival. Ad- 
vise the shelter manager when the 
rate begins to increase. 

7. Insure that all persons who have 
performed outside missions in con- 
taminated areas, follow the protec- 
tive actions indicated, 

8. Food and water stored in the shelter 
should be acceptable for consump- 
tion. Leave contaminated items out- 
side the shelter or place them in 
isolated storage near the shelter. 

9. Take readings at selected locations 
throughout the shelter and record 
t)ie exposure rates on prepared 

tention should be given to monitor- 
ing any occupied areas close to fil- 
ters in the ventilating system. Show 
the tim^ of readings on all sketches. 

10. Furnish all sketches to the shelter 
jnanager and recommend one of the 
following courses of action: 

a. If exposure^rates are not uniform, 
occupy the areas with lowes^t ex- 
posure rates. - 

b. If^space prohibits locating all 
.<5helterees in the better protected 

ateas^otate personnel to distrib- 
ute exposure evenly. Do not ro- 
tate personnel unless tl^re is a 
, sign ificant differenc e in tne e xpo- 
sure between the best and the 
leaSt protected shelter occupants. 

11. Repeat the above procedure at least 
once daily. If there is a rapid change 
in the exposure rate; repeat at least 
once every six hours. 

12. Inform .the shelter manager to no- 
tify the appropriate emergency oper- 
ating center an^ request guidance if; 



a. The inside e:a}osure rate jeaches 
' or exceeds ICf ^/hr at any time 

' during thp shelter period, 

b. The calculated exposure will ex- 
'ceed 75 R within any two days pe^ 
riod-of shelter, 

13. Issue each shelter Qccupant a Radia- 
• tion Exposure Record. As approved' 
by the shelter mafiager, advise each 
person once daily of their exposure 
during the previous 24.hours.^Follow 
procedures in paragraph 9.8 to calcu- 
late exposure of shelter occupants. 
9.24 During the latter p^rt of the shel- 
ter period, when there is a less frequent 
need for in-shelter monitoring, some of the* 
shelter mt)nitors may be required to pro- 
vide monitoring services in support of 
other* emergency operations. A monitoring 
capability should always be retained in 
the shelter until the end of the shelter 
period, 

9.25 At the conclusion of the shelter 
period, all shelter monitors, except those 
regularly assigned to emergency- services, 
may expect reassignment. 



FALLOUT MONITORING STATION 
OPERATIONS 

9.26 For his own protection and the 
protectioi^f all members of a fallout mon- 
itoring station, the monitor should per- 
form* the same shelter operations as de- 
scribed in paragraph 9.23. In addition^ the 
fallout station -monitor will measure, re- 
cord, and report unsheltered e!xposure and 
exposure rates to the appropriate EOC. 
Unless otherwise specified by the local 
standard operating procedure, the monitor 
will: 

1. Make a FLASH REPORT when the 
outside exposure rate reaches or ex- 

'^ceeds 0.5 RThr. \ 

2. Record and report exposure and expo- 
sure rates in accordance with local 
reporting requirements. 

MONITORING IN SUPPORT OF 
EMERGENCY OPERATIONS 

9.27 As soon as radiation levels de- 
crease sufficiently to permit high priority 



operations and later, as operational recov- 
ery activities including decontamination 
of vital areas and structures are begun, all 
fallout station monitors and most commu- 
nity shelter monitors are required to pro- 
vide radiological monitoring support to 
_tfelse,Qper|^tiQns.^Radi^logic^^ Defense Of- 
ficers will direct the systematic' monitor- 
ing of areas, routes, equipment and facili- 
ties to determine the ^extent of contamina- 
tion. This information will Kelp the Civil 
Preparedness X)rganization determine 
* when people may leave shelter, what 
areas may be occupied, what routes may 
be used, and what) areas knd facilities 
must be decontaminated. 

9.28 Many government services person- 
nel, such as fire, police, health, and wel- 
fare personnel, will serve as shelter moni; 
tors or fallout station monitors during £he 
shelter period. However, as operatix>nal re- 
covery activities are begun, they will have 
primary responsibility in their own fields, 
with secondary responsibilities in radiol- 
ogical defense. Most services will provide 
for a radiological^monit^ring^apability for 
the protection of their operational crews 
performing emergency activities. The .ca- 
pability is provided until the Radiological 
Defense Officer determines that it, is not 
required. Services provide this capability 
from their own ranks, to tl^4 extent practi- 
cal, supported by shelter monitors and fal- 
lout station monitors, when required. 



9.29 When a service is directed to per- 
for^m a mission, the emergency operating 
center fqrnishes the following informa- 
tion: 

1. The time when the service may leave 
shelter to perform its mission; 

2. The aUow^le expostti^e for the com- 
plete mission; that is, from time of 
departure until return to shelter. 

3.. The exposure rate to be expected in 
the area of the mission. 

9.30 The monitor supporting emer- 
gency operations will: 

1. Read his instruments frequently dur- 
ing each operation and advise the in-* 
dividual in charge of the mission on 
necessary Radiological protective 
measures and when the crew must 
leave the area and return to shelter 
to avoid eJ^ceeding the planned mis- 
sion exposure. * ■ 

* • * • > 

2. Determine the effectiveness of decon- 
tamination 4n^asures^if-^upporting 
de'contanjination operations. 

3. Monitor equipment on return to shel- 
ter, or base of operations, to deter- 
mine if it is contaminated, and if so, 
direct decontamination of that equip- 
ment. 

4. Advise the crew on personnel decon- 
tamination if necessary. 
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PROTECTION FROM RADIATION 
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\ T>ifferent forms of protection from nu 
clear radiation are available to us. Some of 
these are all right, some are excellent and 
s^ohie are poor. 

We need information on these forms of 
protection and th^ chapter will give us 
that informajtion. We will see: 

HOW time can provide protection 

f HOW dista^ice can provide protec- 
tion 

HOW shielding can provide protec- 
tion 

WHAT makes a shelter ^ 
W HAT e l se-is-necessary ^ — 

INTRODUCTION. 

10.1 As we haye seen in previous chap- 
, ters, the residual nuclear radiation from 

fallom presents a number of difficult and 
involved problems. This is so not only be- 
cause the. radiations are invisible, and re- 
quire special instruments Vor their detec-^ 
tion and measurement, but also because of 
the widespread and long lasting character 
of the fallouts In the event of a surface 
burst of a high yield nuclear weapon, the 
area contaminated by the fallout could ]Se 
expected to extend well beyond that in 
which casualties result from blast, ther- 
-mal radiation, and the initial nuclear ra- 
diation. Further, whereas the other effects 
of a nuclear explosion are over in a few 
seconds, the residual radiation persists for 
a considerable time. 

10.2 In Chapter 6 we learned that ra- 
dioactive materiaLreleased by a nuclear 

' explosion consists of: (i) radioactive parti- 
cles created by the fissioning of the bomb 
material, (2) particles made radioactive by 
neutrons released at the time of explosion, 

ERLC 



AlPHA PAKTICIES THAVlV ONIY 
AlOUT AN INCH IN AIX AND . 
AtE STOPPED »Y A SHEET Of 
PAPER OK THE SKIN TISSUE 



lETA'PAJmCUS nUVEl A FEW FEET IN AiK 
AND ARE STOPPED lY AN INCH OF 
WObO OR A THIN SHEET Of ALUMINUM 



GAMMA>RAYS TKAVH HUN* 
.DRCDS OF FEET IN 
AIR AND ARE REDUCED 
lY THICK LEAD OR 
CONCRETE 



Figure 10.2^Three kinds of nuclear radiation. 



(3) the unfissioned material of the bomb 
itself. The unfissioned material is gpner- 
aHy 'alpha emitting, while thetission prod- 
ucts and the neutron-induced radioactive 
isotopes are beta-gamma emitters. See 
Figure 10.2 to refresh your memory about 
the penetrating power of the 3 major kinds 
of radiation. 

PROTECTION FROM 
EXTERNAL RADIATION 

10.3 To protect against external radia- 
tion, (basically gajnma rays), there are 
three tilings you can put between you and 
the fallout causing the radiation: TIME, 

^ DISTANCE, AND A SHIELD. Protection 
is'provided by: (Decontrolling the length of 
time of exposure; (2) controlling the dis- 
tance between tho body and the source of 
radiation; and (3) placing an absorbing 
material between th^e body and the source 
of radiation. ^ 

10.4 It is not generally possible to use 
only one factor of protection. The factor-of 
time ia always involved, that is, time is 
usually used ir^combination mth distance , 



' shielding, or both. For comparison, con- 
sider the problem of protecting the eyes 
from uaraviolet rays when taking a sun- 
bath. Ultraviolet rays may be harmful to 
the eyes. A certain amount can be toler- 
ated, but beyond this poiijt. damage may 
be caused. The eyes can be protected in 
three ways. First is to regulate the time 
^ Spent under the sunlamp. Second, is to 
regulate the distance maintained between 
the eyes and the sunlamp. Third is to 
shield the eyes with sunglasses. The den- 
ser the glasses, the more ultraviolet rays 
are filtered out and therefore an individ- 
ual can be closer to the lamp and stay 
there a longer period of time without hurt-' 
ing his e^es. In order, to understand each 
of the three factors of protection, it is 
necessary to discuss them separately. 

TIME 

10.5 For simplicity, let us disregard the 
decay of the radioactive materials in fal- 
lout and assume that we are in an area 
yrhete the exposure rate remains constant 
at 25 R/hr. In one hour, we would be 
exposed to 25 roentgens ofradiation.'lf we 
stayed 2 hours, we would be exposed to 50 
R. If we stayed 4 hours, our exposure 
would be 100 R, and for an 8 hour stay we 
would receive an exposure of 200 R. Thus, 
timte-cDuld brused as a protectrvelSiasure 
by keeping the period of exposure down to 
an absolute minimum. For instance, if 
work must be done in a high radiation 
area, the work should be carefully planned 
to minimize the stay time in the con- 
flinatTed area. 
10.6 Asjliscussed in Chapter 8, the de-. 
cay of radioactive materials will cause the 
radiati()n levels from fallout to . decrease 
with time. In the early period s^'lfter deto- 
nation, the decrease ii\ exposure rates is 
very rapid. At later times, the decrease is 
not as rapid because the longer lived fis- 
'sion products make the majoncontribution 
to the exposure rate. Knowledge of the 
general decay pattern of radioactive fal- 
loutj suggests an additional \sray in which 
time is important. All work in contami- 
nated areas should be postponed as long 
as practicable aftef the detonation of nu- 



clear weapons in order to permit radiation 
levels to decrease^ It should be remem- 
bered, however, that it is possible for ra" 
diation levels to increase aft^er long pe- 
riods of^decreasing exposure rates» be-- 
,pause of the deposition of additional? fal- 
lout. 

DISTANCE 

10.7 The effect of distance from a fal- 
lout field is sometimes misunderstood. 
When the distances are large in relation to 
the size of the radioactive source,, the ex- 
posure rates de(&-ease by the square of the 
distance fropi the source. This ^"inverse 
square law" can be an effective protective 
measure when using the sealed sources 
(sometimes called point sources) in a 
DCPA Traiqi^g Source Set. However, in a 
fallout field, which consists of billions of 
"point sources" spread pver large areas, 
the inverse squaVe law is of no value to a 
RADEF Officer in computing the decrease 
m exposure rates with distance from con- 
taminated areas. 

10.8 the fact that exposure rates do 
decrease with distance from a fallout field 
will be very important to us, however, 
when we discuss the protective features of 
large buildings later in this chapter. Dis- 
tance is also important to the RADEF 
Officer whence considers the use of decon- 
tamination as a radiological countermeas^ 
ure. An area called a buffer zone is us- 
ually decontaminated around a vital facil- 
ity to increase the distance of the fallout 
field from the facility. The function of the 
buffer, zone is to reduce the gamma expo- 
sure irate which originates in the sur- 
roun<fing unreclaimed ar6a. 

SHIELDING 

- 10.9 You will^recall that the damaging 
effects of gamma rays comes from the fact 
that the rays strike electrons in the body 
and knock them out of their orbit, and if 
this happens to sufficient electrons in the 
body, radiation injury occurs. If we wish to 
stop a high proportion of the rays before 
they g^t to us, we can place between our- 
selves and the 'source of the radiation a 
material which has a lot of electrons in its 
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makeup* The more electrons there are in 
the makeup 'of the material the more ra- 
diation will be stopped. \ 

10.10 Figure 10.10 shows lead and 
water in a rough* comparison of -their 
atomic makeup. Sinfie Ifead/has a lot more 
electrons in the orbits of each, atopi^ than 
does water, lead makes a be^tter shield 
than* water. / 

10.11 Figure 10.11 shows the relative 
efficiency of various shielding materials. 
These materials ^re efficient in about the 
'proportions shown on the chart in stop- 
ping the same amount of gamma. Various 
shielding materials ai^u'sed in various 
applications, depending up^n the purpose 
to be seized. Lead, for instance, is quite 
compact and is most suitable where space 
requirements are a factor* On the other 
hand, water is used where it is necessary 
to see through the shielding material and 
to work through it with a long-handled 
-tool to perform necessary operations, such 
as, in processes in atomic plants where 
sawing or <?utting the radioactive mate- 
rials is necessary.' 

10.12 When considering fallout shel- 
ters, protection is generally achieved in 
two ways; One metho.d is to place a barrier 
between the fallout field and tlie individ- 

I LEAD 
■ STEEL 
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FIGURE lO.ll^Reliitive efficiency of varioui 
O shielding materials^ 




Figure lO-lOr-Comparison between lead atom and 
water molecule. 

ual. This is termed "barrier shielding." 
The second method is to increase the dis- 
tance of the individual from the fallout 
field contributing to the individual's expot 
sure. This is termed "geometry shielding.'* 
. 10.13 In most analyses it is necessary 
to consider the effects of both barrier and 
geometry shielding. This is termed "com- 
bined shielding." 

10.14 The heavier the harrier between 
fallout and the individual, the greater the 
barrier shielding effect. Examples of^ bar- 
riers in structures are walls, floors, and 
ceilings. 

10.15 Geometry shielding is determined 
by the extent of the fallout field affecting 
an individual, and/or his distance from it. 
Consider an example of geometry shield- 
ing. 

10.16 If two buildings are of the same 
height and similar construction, but of 
different area, the protection from ground 
contamination would be greater on the 
first floor in the building with the, larger 
area. On the^ other hand, if two buildings 
are of equal area and similar construction, 
but differ in height, protection from 
ground contamination would be greater on 
the upper floor of the higher building. 

THE SHELTER PROTECTION FACTOR 

10.17- The effects of geometry shielding 
and barrier shielding are combined into a^ 
term very useful for considering the effec-' 
tiveness of various typds of shelters. This 
combined term is TlHE PROTECTION 
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FACTOR: One definition is: a calculation 
of the relative reduction in the amount of 
radiation that would be received by a per- 
son in a protected i location, compared to 
_ the..amoiint he would receive if-he were 
unprotected in the sanfg^loca^on. (See 
Glossary for the diffei^nce b^t^^gito out- 
. side/inside ratio and protection factor.) 
, 10.18 If a shelter has a protection fac- 
tor of .100, an unprotected person at the 
same location would be Exposed to 100 
timesjf|hore radiation than someone inside 
the shelter. ^ . 

► 1049 Where conditions, are favorable, 
addeil protection can be had for little extra 
cost. iWhiTe licensed pubHc shelters have a 
minimum of PF 40, a higher degree of 
protection up to say 1,000 is acfvantageous. 
This will frequently be possible in building 
protecuon into new structures-^ 

10.20)!^ There are two ways ta go about 
settin^^up adequate shelters: COMMU- 
NITY/ACTION and FAMILY >^CTION. It 
should be stressed that they a^e not mu- * 
tually' exclusive. In fact, they supplement > 
each bther in a very necessary way. Most 
peoplfe spend the largest part of their time 
at 0^ near their homes and there are 
stronig sociological advantages to keeping 
family groups together in, a time of crisis 
and hardship. However, for many people it 
is not practical to J|^truct home shelters. 
Andl, even if one p^esses^the finest shel- 
ter in the world,] it will do no good if he is 
caukht away from home at a time of dan- 
gerous fallout. 
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Figure 10.22^Grou^ sheltw-ing in a large building. 



PUBLIC SHELTERS 

lp.21 Further, experience in Europe in 
Wdrld War II and other human experi- 
ences under disaster conditions hUve 
pointed to distinct advantages of the pub- 
lic shelter when compared with the family 
shelter. There are several reasons why 
grpup shelters are preferable in many cir- 
mstances: 

A larger than family-size group prob- 
ably would be better prepared to face 
a nucleat attack than a singll famHy, 
particularly if some members should 
be away from home at the time of 
attack. 



" 2. There would be more opportunity to 
find first aid and 'other emergency, 
skills in a group, and the risk of radia- 
tion exppsure after an attack could be 
more 'widely shared. 
^v.^_^3. Community shelters :^ould provide 
shelter ifor persdns away from their 
J»<ymes at the time of an attack. 

4. Group shelters could serve as a focus 
for integrated community recovery 
activities in a postattack period. - ' 

5. Group shelters could serve other com- 
munity ipurposes, as well as offer pro- 
tection from fallout following an at- 
tack. * ' 

10.22 These are the reasons why the 
Federal Government has been involved. 
with a number of activities— involving 
guidance, technical assistance, and 
mohey— to encourage the development of 
public shelters. The overall program, 
which got underway with the National 
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^.---Shelter Survey, aims' at securing sheltefrs 
in existijng and new structures, marking 
them, an^m^king them available to the 
public in an emergency Wher^e there ,^e 
not enough public shelters to accommo- 
date all citizens, efforts are being made to 
provide more. J n some casSs, such as itk 
large cities, it may nol: be possible toT)uild 
individual family falloiiT shelters. Group 
shelters ^ttch as illustrated in Figu^^lO.22 
miay be required to provide adequate pro- 
tection in such situations. v / 

FAMILY SHELTERS 

*A Home Shelter May Save Your Life 

10.23 Even though public fallout shel-. 
ters usually offer many advantages over 

ome shelters, in many places — especially 
-suburban and ruraj^^trrra^^^^^there are few 
public shelters. If therevis none near you, a 
home fallout shelter may save your life. 

10.24 The basements' oKsome homes 
are usable as family fallout shelters as 
they now stand, without any alterations or 
changes — esj)ecially if the house has two 
or more stories, and its basement is below 
ground level. ^ | 

10.25 However, most horjie basements 
would need some improvements in order to 
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FIGURE 10.24^Home basement. 

'T«f r«pht 10.23 throuifh 10.57 from tho DCPA publicstion "In 
af-Emenrency," H-14» March lfij88. 
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shield their occupants adequately from* 
the radiation given off by fallout particles. 
Usually, householders can make these im- 

'prov.ements th'em^er/es, with jnoderate ef- 
fort and at low c^t. Millions of^-l^omes, 
have been suryey^ff for the Defense Civil 
Preparedhess Agency (DCPA) by the U. S. 
Census Bureau, and these householders 
have received inforrtiation •on how much 
fallout protection their basements would 

. provide, and how to improve tftis protec- 
^ tion. • , ^ — ^ " . , 

Shielding Material Is Required 

10.26 In setting up any home fallout 
* shelter, the basic aim is to plade enough 

'*shiel<Jing material" betwe^^^Hepieople in 
the sheltef and the. fallout particles out- 
side. ^ 

10.27 Shielding material is any sub- 
stance that would absorb and deflect the 
invisible rays given off by fallout particles 

"outside the house, and thus reduce the 
amoulit of radiation ^eachin^ theocci^ — 
pants of the shelter. The thicker or denser 
the shielding material is, the more it 
would protect the shelter occupants. ^ 
M0;28 Some radiation protection is pro- 
vided by the e^isting,'^ standard walls and ' 
ceiling of^a basement. But -if they are n^^- 
thick or dense enough, other shielding ma- 
tei:ial_will have t o hip adHpf^. 
' 10.29 Concrete, bricks, eartli an'd sand 
are some, of the, materials that are dense 
or heavy enough to provide fallout protec-, 
tion. For comparative purposes, 4 inches of ^ 
concrete would provide the same shielding 
density as: * 

— ^ to 6 inches of bricks. ' 

— 6 inches of sand or gfravel. 

(May be packed into bags, cartons, 
-boxes, or other containers for easier^ 
l)andling.) ^ \ ^ 

— 7 inches of earth, ^ o - 
— 8 inches of hollow concrete blociks (6 

inches if filled witl^ sand). 
^^0 inchyfes of water. ^. . 
— 14 inches of books or maga^in^g*^ • 
—18 inches of wood. 
How to Prepare a Home Shelter 
10.30 If there is no public fallout shel- ^ 
ter near your home, or if you would prefer 



to use a family-type shelter in a time of 
attack, you should prepare a home fallout 
shelter. Here is how to do it: 

10.31 A f'ERMANENT BASEMENT 
SHELTER. If your home basement-^or 
one corner of it— is below ground level, 
your best and easiest action would be to 
•prepare a permanent-type family shelter 
there. The required shielding material 
would cost perhaps $100-$200, and if you 
have basic carperitry or masonry skills you 
probably could do the work, yourself in a 
short time. 

.10.32 Hej^^j^re three methods of provid- 
ing a permanent family shelter in the 
"best" corner of your home basement— 
that is, the comer which is most below 
ground level. 

Qeiling Modification Plan A 

10.33 If 'nearly all your basement is 
below ground level, you can use this plan 
to build a fallout shelter area in one cor- 
ner of it, without changing the appearance 



of;t or interfering with its normal p jace- 
time use. 

10.34 However, if 12 inches or mok of 
the basement wall is above ground Itevel, 
this plan should not be used unless yeiu^ 
add the "optional walls" shown in the^ 
sketch. 

10.35 Overhead protection is obtained 
by screwing plywood sheets securely to 
the joists, and then filling the spaces be- 
tween the joists, witli bricks or concrete 
blocks. Aq extra beam and a screwjack 
column may be needed to support the ex- 
tra weight. 

10.36 Building this shelter requires 
some basic woodworking skills and about 
$150-$200 for materials. It can be set up 
while the bouse is being built, or after- 
ward. 

Alternate Ceiling Modification Plan . 

10.37 This is similar to Plan A except 
that new extra joists are fitted into pdrt of 
the basement ceiling to support the added 




Figure loll5.£ermanent ba^^ment shelter. 



brtckt or blocks 
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optional walls 
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Figure 10.33^Ceiling modification plan A. 



NEW 
JOISTS 




half bas«m«nt 

cefling lenotK 



FlGURE^lO^Tw— Alternate ceiling modification Plan B. 



weight of the sWielding (instea<^ of using a 
beam and a soi^wjack column). 

10.38 The new wooden joists are cut to 
^ „jth and notched at the ends, then in- 
E PJ C led between the existing joists. 



10.39 After plywood panels a^e screwed 
- securely to the joints, bricks or concrete 
blocks are then packed tightly into the 
spaces between, the joists. The bricks or 
blocks, as well as the joiirts themselves, 
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will reduce the amount of fallout radiation 
penetrating downward into the basement, 
10.40 Approximately one-quarter of the 
total basement ceiling should be rein- 
forced with extra joists and shielding ma- 
terial. 

' 10.41 Important: This' plan (like Plan 
A) should not be used if 12 iilches or more 
of your basement wall is above ground 
level, unless you add the "optional walls" 
inside your basement that are showh in 
the Plan A sketch. 

' Permanent Concrete Block or Brick SheU 
' ter Plan C 

10,42 This shelter will provide excellent 
protection, and can be constructed easily 



at a cost of $150 in most parts of the 
country. 

10.43 Made of concrete blocks oV bricks, 
the shelter should be located in the comer 
of your basement that is most below 
ground level. It can be built low, to^erve 
as a ''sitdown" shelter; or by making it 
higher you can have a sheltej in which 
people can stand erect. 

10.44 The shelter ceiling, however, 
should not be higher than the outside 
grourid level of the {jasement comer where 
the shelter is located. 

10.45 The higher your basement is 
^bove ground level, the thicker you should^ 
make the walls and roof of this shelter. 




Plact entranceway on 
$I<d» or tnd not facing* . 
txposad basement wait 





Incraaie thlfcknau of thaltar wall 
facing axPoitd basamant wall by 
Tour Inches 



Fydm 10,42^Permanent concrete block or brick shelter plan C. 
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Figure 10.49^Preplanned snack bar shelter plan D. 



since your- regular basement walls will 
provide only limited shielding against out- 
side radiation. 

10.46 Natural ventilation is provided 
by the shelter entrance, and l^y the air 
vents shown in the shelter' wall. 

10.47 This shelter can -be used as a 
storage room or for other useful purposes 
in non-eme|:gency periods. 

A Preplanned Basement Shelter 

10.48 If your home has a basement but 
you do not wish to set up a permanent- 
type basement shelter, the next best thing 



would be to arrange to assemble a "pre- 
planned" home shelter. This simply means 
gathering together, in advance, the shield- 
ing material you would need to make your 
basement (or one part of it) resistant to 
fallout radiation. This Iriaterial could be 
stored in or around your home, ready for 
use whenever you decided to set up your 
basement shelter. Here are two kinds of 
preplanned basement shelters. - 

Preplanned Snack Bar Shelter Plan D 
10.49 This is a snack bar built of bricks 
or concrete blocks, set in mortar, in the 






Figure lO.Bl^PrepIanned tilt-up storage unit plan E 
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"best** corner of your basement (the cor- 
ner that is iTOost below ground levelX It 
can be converted quickly into a fallout 
shelter by lowering a strong, hinged "false 
ceiling*' so that it rests on t)ie snack bar. 
r 10.50 When the false ceiling-is lowered 
into place in a time of emergency, the 
hollow sections of it can be filled with 
bricks or concrete blocks. These can be 
stored conveniently nearby, or can be used 
as room dividers or recreation room furni- 
ture (see bench in Figure 10.49). 
Preplanned TilUUp Storage Unit Plan E 

10.51 ^ A tilt-up storage unit ui the best 
corner of your basement iT another 
method of setting up a "preplanned" fam- 
ily fallout shelter. 

10.52 The top of the storage unit should 
be hinged to the wall. In peacetime, the 
unit can be used as a bookcase, pantry, or 
storage facility. 

10.53 In a time of emergency, the stor- 
age unit can be tilted so that the bottom of 
it rests on a wall of bricks or concrete 
blocks that you have stored nearby. 

10.54 Other briqks or blocks should 
then be placed in the storage unit's' com- 
partments, to provide an overhead shield 
against fallout radiation. 




10.55 The fallout protection offered by 
your home basement also can be increased 
by adding shielding material to the out- 
side, exposed portion of your basement 
walls, and by covering yoUr basement win- 
dow„a,with shielding material. , , _ 

10.56 You can cover the aboveground 
portion of the basement walls with parth, 
sand, bricks, concrete blocks, stones from 
your patio, or other material. 

10.57 You also can use any of these 
substances to block basement windows 
and thus prevent outside fallout radiation 
from entering your basement in that man- 
ner. ^ 

INDIVIDUAL PROTECTIVE MEASURES 

10.58 If the presence of fallout is sus- 
pected before an individual can reach shel- 
ter, the following actions will help mini- 
mize its effects. 

1. Cover the head with a hat, or^ajjiece- 
of cloth or newspaper. 

2. Keep all outer clothing buttoned or 
zipped. Adjust clothing to cover as 
much exposed skin as possible. 

3. ^ Brush outer clothing perio3)cally. 

4. Continue to destination as rapidly as 
practicable. 

10.59 Assume that all persons arriving 
at a shelter or a fallout monitoring station 
after fallout arrival, and all individuals 
who have perWmed outside missions are 
contaminated. All persons should follow 
the protective measures below: 

1. Brush shoes, and shake or brush 
' clothing to remove contamination. 

This should be done before en^tering, 
the shelter area. 

2. Remove and store all outer clothing 
in an isolated location. 

3. Wash, brush, or wipe thoroughly, cpn- 
taminated portions of the skin and 
hair being careful not to injure the 
skin. 

CptlECnVE PROTECTION 



10.60 During fallout deposition, all win- 
dows, doors, and nonvital vents in shel- 
PlGUREl0.66^Coveringba8ement,windows tered locations should be closed to control 
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the contamination entering the shelter. 
Similar protective measures sh<nild be ap- 
plied to Vehicles. 

10.61 yfhen radiation levels become 
measurable inside the shelter, make a sur- 
vey of all shelter areas to determine the 
be^t protected locations. Repeat this pro- 
cedure periodically. This information is 
used to limit the exposure of shelter occu- 
pants. 

? ! , 

TASKS OUTSIDE OF SHELTER 

10.62 When personnel leave shelter ap- 
propriate protective measures should be 
taken to prevent the contamination of 
their bodies. Clbthing will not protect per- ' 
sonnel from gamma radiation, but will pre- 
vent most airborne contamination from 
depositing on the skin. Most clothing is 
satisfactory, however, loosely woven cloth- 
ing should be avoided. Instruct shelter 
occupants to: 

1. Keep time outside of shelter to a mini- 
mum when exposure rates are high. 

2. Wear adequate clothing and cover as * 
much of the body as practical. Wear 
boots or rubber galoshes, if available. 
Tie pants cuffs' over | them to avoid 
possible contamination.of feet and an- 
kles. , > 

3. Avoid highly contaminated' areas 

* whenever possible. Puddles and very^ 
4usty areas where contamination is 
' -more probable should also be avoided. 

4. Un(|er dry and dusty conditions, do 
not stir up dust Unnecessarily. If 
]dusty conditions prevail, a man's 
;hankerchief or a folded piece of 
closely woven clot;h should be worn 
over the nose and mouth to keep the 
inhalation of fallout to a minimum. 



5. Avoid unnecessary contact with con- 
taminated surfaces such as buildings 
and shrubbery. 
10«63 Individiials using vehicles for 
outside operations should remain in the 
vehicle, leaving it only when necessary. To 
prevent contamination of the interior of 
the vehicle, all windows and outside vents 
should be closed when dusty conditions 
prevail. Vehicles provide only slight pro- 
tection from gamma radiation but they do 
provide excellent protection from beta !and 
prevent contamination of the occijpants. 

FOOD AND WATER 

10.64 To the extent practicable, pre- 
vent fallout from becoming mixed into 
food and water. Food and water which is 
exposed to radiation, but not contami- 
nated, is not harmed and is fit for human 
consumption. If it is suspected that food 
containersNt^'contaminated, they should 
be washed or wiped prior to removal of the 
contents. Food properly removed from 
such containers will be safe for consump- 
tion. 

10.65 Water in covered containers and 
underground Sources will be safe. Before 
the arrival^of fallout, open supplies of 
water such as cisterns, open wells, or 
other containers should be covered. Shut 
off source of supply of potentially contami- 
nated water. . ' ^ 
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CHAPTER 1 1 



RADIOLOGICAL DECONTAMINATION 



Although there are many forms of pro- 
tection against nuclear radiation, as we 
learned in the preceding chapter, they are 
obviously not foolproof. Even if they were 
100% effective, there is still the case of 
unavoidable contamination, contamination 
which could occur during the performance 
of a critically important mission, contami- 
nation which could be deliberately and 
knowingly accepted. Obviously, then,, we 
need anoth^ RADEF tool to take care of 
contamination. That tool is DECONTAMI- 
NATION and this chapter will explain: 

^HOW to tell if decontiamination is' 
necessary 

WHAT are the steps in decontamina- 1 
tion 

HOW does a decon worker protect 
himself from contamination 
WHAT should' be done to decontami- 
nate an area, a structure, an 
^ \ orange, somebody named - 

r/ Henry, a ca'E, the power com- 

pany, a ,red spor^tshirt or a 

farm tractor 

, ' / ' 

JNTRODUCTION 

11.1 Closely allied with the, problem of 
monitoring, discussed in Chapter 9, is the 

•problem of decontamination. The two are, 
in fact, closely linked and cooperation and 
coordination between monitors and decon- 
tamination personnel is a basic require- 
ment if wasted effort or unnecessary haz- 
ard are to be avoided.. 

WHAT iS CONtAA^INATION? 

11.2 As we saw in Chapter 6, the radio- 
active fallout from a nuclear explosion 
consists of radioisotopes that have at- 
tached themselves to- dust particles or 



water droplets. This material behaves 
physically like any other dirt, or moisture. 
In fact, the phenomena of radioactive con- 
tamination is exactly the same as getting 
"dirty'' EXCEPT that very small amounts 
of ''diH" are required to produce a hazard 
and that the "dirt" is radioactive. 

WHAT IS DECONTAMINATION? 

11.3 The objective of radiological de- 
contamination is to reduce the contamina- 
tion to an acceptable level with the least 
possible expendit-ure of labor and mate- 
rials, and with radiation exposure to de- 
contamination personnel held to a mini- 
mum commensurate with the urgency of 
the task. Radioactivity cannot be de- 
stroyed or neutralized, but in the event of 
nuclear attack, the fallout radiation haz- 
ard could be reduced by removing radioac- 
tive particles from a contaminated sufface 
and safely disposing of .them, by covering 
the contaminated surface with shielding 
material, ^uch as earth, or by isolating a 
eoniaminated objject and \Yaiting for th,^ 
ray ration fropi it 'to decr,ease through tKe 
process of natural radioactive decay, 

11.4 This chapter is directedUd those 
persons who are responsible for planning 
and establishing rAdiqlogical decontami- 
nation operations in States and localities. 
It contains guidance on the .various types 
of decontamination procedures and the 
relative effectiveness of each. 

DtCONfAMIhiATION OF PERSONNEL ; 
AND CLOTHING : . ^ 

11.5 State and local public welfare de- 
partments and agencies, as the welfare - 
arms of their respective governments, 
have primary, responsibility for planning 
and preparing the facilities and develop- 
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ing capabilities essential to provide emer- 
gency welfare at the local level. Voluntary 
social welfare agencies will assist. 

11.6 Decontamination of personnel and 
clothing of personnel engaged in recovery 
operations would be the responsibility of 
the various operational services, such as 
fire departments, police departments, and 
decontamination teams. Many persons 
^ would be responsible far decontamination 
of themselves and their families in accord- 
ance with instructions of the local govern- 
ment. 



PERSONNEL 



11.7 It is important that all people, and 
particularly those directing emergency op- 
erations, understand that the total radia- 
tion injury from fallout is a composite due 
to several causes, including contamination 
of the surrounding areas, contamination 
of skin areas, and ingestion and inhalation 
of fallout 'materials. To keep the total ra- 
diation injury low, the effect of each po- 
tential' source of radiation on the total 
radiation exposure must be kept in mind, 
and each contributing element should be 
kept as low as operationally feasible. Nor- 
mally, 'ordinary personal cleanliness proce- 
dures will suffice for personnel decontami- 
nation in the postattack period. 

11.8 All persohs seeking shelter after 
fallout starts should brush or shake their 
outer clothing before entering the shelter 
area. Ordinary brushing will remove most 
of the contaminated material from the 
shoes and clothing, and often may reduce 
the contamination to, or below a permissi- 
ble level. It is important to brush or shake 
from the up^yind side. Under rainy condi- 
tions, the outer clothing should be re- 
moved before entering the shelter area. 

Upon entering the shelter area and as 
soon as practicable, wash, briish, or wipe 
thoroughly the exposed portions of the 
body, slich as the skin and hair. If suffi- 
cient quantities of water are availab.le, 
persons should bathe, giving particular at- 
f^«>ntion to skin areas that had not been 
"Vered by clothing. 'I o 



THE INJURED 

11.9 It) is desirable that -contamination 
of medical facilities and personnel be kept 
at a minimum. Medical personnel, whose 
skills would be needed for the saving of 
lives, should be protected from radiation 
to the extent feasible. Persons entering a 
medical treatment station or hospital 
should^.be monitored, decontaminated if 
necessary, afid tagged to show that he is- 
not cpntaminated. To do this, a check point 
could be established at a shielded location 
at each medical treatment mation and 
hospital. Although decontamination proce- 
dures for the injured are the same as 
those previously described for personnel 
decontamination (i.e., the removal of outer 
clothing, and other clothing if necessary, 
and finally the washing of contaminated 
^body areas, if required) special factors also 
must be considered. In the face of urgency 
for decontamination, there will be many 
casualties who are unable to decontami- 
nate themselves and whose condition will 
not permit movement. For -5ome* cases a< 
medical examination will determine that 
first aid must take priority over decontam- 
ination. Also, it may not be possible ti 
decontaminate some casualties without se- 
riously aggravating their injuries. These 
will have to be segregated in a controlled 
area of the treatment facility. 



ClO^HING . . 

11.10 Thorough decontamination of 
clothing can be deferred until after the 
emergency shelter period when supplies of 
water and equipment are available. Equip- 
ment for decontamination of clothing in- 
cludes whisk brooms, or similar types of 
brushes, vacuum cleaners (if available) 
and laundry equipment. Por more effec- 
tive decontamination of clothing, washer 
and dryer equipment should be available. 
Since there is normally little accumulation 
of "dirt" in a washing machine, virtually 
all of the decontaminant would be flushed 
down the drain. The chance of significant 
residual contamination of the washing ma- 
chine appears to be quite ^mall. Although 
there is little serious danger involved in 



washing, direct contact with the contami- 
nation should be Rept to h miniumum. 
, ll.ll The procedures for decontamina- 
fion of clothing should be as follows: First, 
brush or shake the clothing outdoors; sec- 
ond,, vacuum clean; third, wash; and 
fourth, if the previous procedures are not 
effective, allow natural radioactive decay. 
Monitoring of the clothing upon comple- 
tion of each step will indicate the effective- 
ness of the decontamination procedure 
and indicate any need foi^ further decon- 
tamination. In m^ny cases, depending 
upon the amount and kind of radioactive 
contaminant, brushing or simply shaking 
the clothing to remove the dust particles 
may reduce the contamination to a negli- 
gible amount. If two thorough brushings 
do not reduce the contamination to an 
acceptable level, vacuum cleaning should 
be attempted. Care should be taken in 
disposing of the contaminated material 
from the dust bag of the vacuum cleaner. 
If the clothing is still contaminated after 
&ry methods of decontamination are com- 
pleted, it should be laundered. Clothing 
usually can be decontaminated satisfac- 
torily by washing with soap or detergent. 

11.12 Any clothing that still remains 
highly contaminated should then be stored 
to allow the radioactivity to decay. Stor- 
age- should be in an isolated location so 
that the contaminated clothing will not 
endanger personnel. 

DECONTAMINATION OF FOOD, 
AGRICULTURAL LAND AND WATER 

11.13 State and local public agencies, 
assisted by radiologiqal defense personnel, 
will be responsible for %e decontamina- 
tion of food and water. Stored foods in 
warehouses, markets, etc., will be the re- 
sponsibility of the agency controlling the 
distribution of the food items. Water sup- 
ply personnel of the local government or 
private organizations will be responsible 
for monitoring, ^nd it required, decontami- 
nation of the water supplies they operate* 
Each person jor family not expecting to be 
protected in a co-mmunity shelter, is re- 
sponsible for providing, before attack, suf- 
ficient food and water to supply its needs 
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for at least 2 weeks, since outside assist- 
ance may not be available during this 
period. 

FOOD 

11.14 The following guidance is pro- 
vided for individuals and groups who need 
to use^food which may haye been contami- 
nated with fallout. Before opening a food 
package,' the package should be wiped or 
washed if contamination is suspected. 

' Caution should be taken when wiping or 
washing outer containers to avoid contam- 
inating the food4tself. When possible, the 
package surface should be monitored with 
a radiation detection instrument before 
removing the food as a check on the effec- 
tiveness of the decontamination proce- 
dure. 

11.15 Meats and dairy products that 
are wrapped or are kept within closed 
showcases or refrigerators should be free 
from contamination. Fallout on unpack- 
aged meat and other food items could pres- 
ent a difficult salvage problem. Fresh 
meat could be decontaminated by trim- 
ming the outer layers with a sharp knife. 
The knife should be wiped or washed fre- 
quently to prevent contaminating the in- 
cised surfaces. / 

11.16 Fruits and vegetables harvested 
from fallout zones in the first month pos- 
tattack may require decontamination be- 
fore they can be used for food. Decontami- 
nate fruits and vegetables by wai^hing the 
exposed parts thoroughly to remove, fal- 
lout particles, and if necessary, peeling, 
paring or removing the outer layer in such 
a way as to avoid contamination of the 
inner parts. It should be possible to decon- 
taminate adequately frilits,' such as ap- 
ples, peaches, pears, and vegetables, such 
as carrots, squash, and potatoes, by wash- 
ing and/or paring. This type of decontami- 
nation can be applied to many food items 
in the home. 

11.17 Xnimals should be put under 
cover before fallout arrives, and should 
not be fed contaminated food and water, if - 
uncontaminated food and water are avail- 
able. If the animals are suspected of being 
externally contaminated, they should be 
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washed thoroughly before being processed 
into food. 

11.18 Even when animals have re- 
ceived sufficient radiation td cause later 
sickness or death, there will be a short 
period (1 to 10 days following exposure, 
depending on the amount) when the ani- 
mals may not show any symptoms of in- 
jury or other effects of the radiation. If 
the animals, are needed for food, if they 
can be slaughtered during this time with- 
out undue radiation exposure to the 
worker, and if no other disease or abnor- 
mality would c^use unwholesomeness^ the 
meat would be safe for use as food. In the 
butchering process, care should be taken 
to avoid contamination of the mea^, and to 
protect personnel. The contaminated parts 
should be disposed of in a posted location 
and in such a manner as to present a 
negligible radiological or sanitation haz- 
ard. If any animal shows signs of radiation 
sickness, it should not be slaughtered for 
food purposes until it is fully ^recovered. 
This may take several weeks of months. 
Animals, showing signs of radiation sick- 
ness (loss of appetite, lack of vitality, wa- 
tery eyes, staggering or poor balance) 
should be separated from the herd because 
they are subject to bacterial infection and 
may not have the recuperative powers 
necessary to repel diseases. They could 
infect other animals of the herd. 

AGRICULTURAL LAND 

't 

11.19 The uptalce of radioactive fallout 
material would be a relatively long tern;i 
process, and the migration of fission prod- 
ucts through the soil would be relatively 
slow. Therefore, crops about to be har- 

. vested at the time fallout occurs would not 
have absorbed great amounts of radioac- 
tive material from the soil. However, if 
crops are in the early stages of growth in 
an intense fallout area, they will absorb 
radioactive materials through their leaves 
or roots and become contaminated. Thus, 

^ if ^aten by livestock or man, it may cause 
some internal hazard. Before use, the de- 
gree of contamination should be evaluated 
O , a qualified person, ^oods so contami- 

yCted could not be decontaminated easily 
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^because the contaminants would be incor- 
"porated into their cellular structure. Do 
not destroy these contaminated foods. 

11.20 Ldming of acid soil will reduce the 
uptake ot strontium since .the plant sys- 
tem has a preference for calcium over 
strontium and has some ability to discrim- 
inate. The plant's need for calcium leads to 
the absorption of the similar element 
strontium. In' soils low in exchangeable 
calcium, more strontium will be taken up 
by the plant. By liming acid soils, more 
calcium is made available to the plant and 
less strontium will be absorbed. 

11.21 Another metho3*lo liynit the up- 
take of strontium is to grow crops with low 
calcium content such as potatoes, cereal, 
apples, tomatoes, peppers, sweet corn, 
squash, cucumbers, etc., on areas of heavy 
fallout. Other foods with high calcium con- 
tent such as lettuce; cabbage, kale, broc- 
coli, spinach, "celery, collard^, etc., could be 
grown in areas of relatively light fallout. 

WATER 

11.22 Following a nuclear attack, water 
in streams, lakes and uncovered storage 
reservoirs might be contaminated by ra- 
dioactive fallout. The control of internal 
radiation hazards to personnel will be de- 
pendent, in large part," upon proper selec- 
tion and treatment of drinking water. 

11.23 If power is not available for 
pumping, or if fallout activity is too heavy 
to permit operation of water treatment 
plants, the water stored in the home may 
be the only source of supply for several 
weeks. Emergency sources of potable 
water can be obtained from hot water 
tanks, flush tanks, ice cube trays etc. It is 
advisable to have a 2-weeks emergency 
water ration (at least 7 gallons per person) 
in or near shelter areas. 

11.24 Emergency water supplies may 
be available from local industries, particu- 
larly beverage and milk bottling plants, or 
from private supplies, country clubsy and 
large hotels or motels. 

11.25 If contaminated surface water 
supplies must be used, both conventional 
and specialized treatment processes ma^- 
be employed to decontaminate water. The 
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degree of removal will depend upon the 
nature of the contaminant (suspended or 
dissolved) and upon the specific radionu- 
clide content of the fallout. , 
^ 11.26 Radioactive materials absorbed 
iH precipitates or sludges from water 
treatment plants must be disposed of in a 
safe manner. Storage in low areas or pits, 
QV burial in areas where there is little 
likelihood of contaminating underground 
supplies, is recommended. 

11.27 Several devices for treating rela- 
tively small quantities of water under 
emergency condition^ have been tested. 
Most of them use ion exchange or absorp- 
tion for removal of radioactive contami- 
nants. 

a. Small commercial ion exchange units 
containing either single or mixed-bed res- 
ins, designed to produce softened or demi- 
rieralized water from tap water, could be 
used to remove radioactive particles from 
water. Many of them have an indicator 
which changes the color of the resins to 
Indicate the depletion of the resins' capac- 
ity. Tests of these units have indicated 
removals of over 97 percent of all radioac- 
tive materials. 

. b. Emergency water' treatnient units 
consisting of a column containing several . 
^inch layers of sand, gravel, humus, 
coarse vegetation, and' clay have been 
tested for removal of radioactive materials 
from water. This type of emergency water 
treatment unit removed over 90 percent of 
all dissolved radioactive materials. 

c. Tank-type home water softeners are 
capable of removing up to 99 percent of all 
radioactive materials, and are especially 
effqictive in the removal of the hazardous 
strontium 90 and cesiijim 137 contami- 
nants. 

OICONTAMINATION OF VEHICLES AND 
EQUIPMENT 

11,28 decontamination of vehicjes and. 
equipment of the various operational serv- 
ices^.such^as.fire departments, police de- 
partments, and decontamination teams, 
will be the responsibility of the various 
services, aided by radiological defuse 
services. Individuals will be responsible 



for decontamination of their own vehicles 
and equipment in accordance with instruc- 
tions of local government. 

EXTERIOR OF VEHICLES AND EQUIPMENT 
AND VEHICLE INTERIORS 

11.29 The simplest and most obvious 
method for partial d.econtamination of Ve- 
hicles and equipment is by water hosing. 
Quick car-washing facilities are excellent 
for more thorough decontamination. 

11.30 Special precautions should be 
.used when vehicles and equipment are 

brought in for maintenance. The malfunc- 
tioning part of»the vehicle or equipment 
should be checked for excessive contami- 
nation. 




Figure 11.31^Equipment decontamination. 

11.31 Hosing should not be used on up- 
holstery or other porous surfaces on the 
interior of vehicles, as the wat^r would 
penetrate and carry the contamination 
deeper into the material. 

11.32 The interior of vehicles can be 
decontaminated by brushing or vacuum 
cleaning. Procedures for .decontaminating 
interiors of vehicles by^acuum cleaning 
are similar to those used orr the interior of 
structures. 

VEHICLES AND EQUIPMENT USED BY 
DEc6nTAMINATI0N PERSdNNEL 

11.33 Upon completion of missions in a 
contaminated area, vehicles and equip- 
ment used by decontamination personnel 

^^"•^ould be monitored, and decontaminated 
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if necessary. Complete decontamination 
may not be ^lecessai'y, but attempts should 
be made to deduce the hazard to tolerable 
levels. 

11.34 A decontamination station set up 
at a control point adjacent to the staging 
area would be the best place for decontam- 
inating vehicles and equipment. A paved 
area would be desirable so that it could be 
hosed off after the ©Equipment is decontam- 
inated. Monitoring should follow the appli- 
yCStum of each decontamination method. 

DECONTAMINATION OF VITAL AREAS 
AND STRUCTURES 

11.36 The operational planning aspects 
of decontamination of vital areas and 
structures are very complex and require 
trained decontamination teams from gov- 
ernment services, industry, and private 
and public utilities under thh direction of a 
decontamination specialist. All methods 
described in this chapter are common 
techniques ^vith which personnel of the 
emergency services are generally familiar. 
Operational details associated with use of 
the equipment are not discussed. How- 
ever, operational aspects peculiar to ra- 
diological -recovery are emphasized. The 
method of decontamination selected will 
depend upon the type and extent of con- 
tamination, type of surface contaminated, 
I the weather and the availability of person- 
nel, material, and equipment. Each type of 
surface presents an individual problem 
arid, may Require a difiFerent method of 
decontamination. The type of equipment 
and skills required for radiological decon- 
taimination are not new. Ordinary equip- 
ment now available, such as water hoses, 
street sweepers, and bulldozers, and the 
skills normally usedi-in operating the 
equipment are the basic requirements for 
radiological decontamination. 

PAVED AREAS AND EXTERIOR OF 
STRUCTURES 

11.36 Decontamination of paved areas 
and the exterior surface of structures re- 
quires two principal actions; loosening the 
O allout material from the surface and re- 



moving the material from the surface to a 
place of disposal. Some' decontamination 
methods for paved areas are street sweep- 
ing and motorized flushing. Firehosing 
may be used for both paved areas and the 
exterior of structures. 

Xl.37 Street sweeping is termed a dry 
decontamination method because water is 
not used. There are many advantages of 
this method over wet methods. In the ab- 
sence of adequate water supplies for large 
scale decontamination procedures, dry 
street sweeping would be the preferred 
procedure. Also, during cold weather, wet 
decontamination procedures may not be 
practical. 

11.38 Most commercial street s^veepers 
have similar operating characteristics, A ^ 
powered rotary broom is used to dislodge 
the debris from streets into a conveyor 
system which, transports it to a hopper. 
Thus, a removal and bulk transport sys- 
tem Is inherent in the design. Some swee- 
pers utilize a fine water spray to dampen ' 
the Surface ahead of the pickup broom to 
limit dust generation. This use of a spray 
previous to brushing would reduce the ef- 
fectiveness of the procedure for decontam- 
ination because the combination, would 
tend to pro.duce a slurry which would 
make complete removal of surface contam- 
ination more difficplt. ^ 

11.39 A variation in equipment of this 
type is the sweeper in wHich the broom 
system is enclosed in a vacuum equipped 




Figure U.38^Commercial street sweeper. 
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►using. The material picked kp by the 
'00 m and the dust trapped by me filths 
Ire coltected in a hopper. * \ 

11.40 Normally a single operator is re- 
uired per street sweeper. However, be- 
cause fallout material would be concen- 
Tated in the hopper, the operator may be 

yected to a high radiation expostire. 
'his may make it necessary to rotate per- 
[s^nel for street sweeping operationk. The 
<^erator should b'e instructed to kjeep a 
close check on his dosimeter, and /dump 
the hopper often at the predfesignated dis-* 
posal area, as precautions to keep his ac- 
cumulated radiation exposure low. f 

11.41 In decontaminating paved' areas 
by street sweeping, decontamination fac- 
tors* better than 0.1 can be realized, de- 
pending upon the rate of operation and 
the amount of fallout material. 

11.42 The flushing or sweeping action 
of water is employed in decontaminating 

awed areas by motorized flushing. Con- 
entional street flushers using two for- 
ard nozzles and one side nozzle under a 
pressure of 55 pounds per square inch (psi) 
ire satisfactory for this purpose. In flush- 
ing paved areas, it is important that fal- 
Jout material be moved towards drainage 
facilities. 

1.43^ Decontamination factors of 0.06 
to 0.01 can be realized by motorized flush- 
iTig,\ depending upon the rate of operation 
and the type and roughness of the surface. 

11.44' The flushing or/sweeping action 
of water also is used in decontaminating 
paved\areas and the exterior of structures 
by firAhosing. Equipment and perwnnel 
are coriimonly available for this method. 
Employment of the method is dependent 
upon an ^adequate postattack water sup- 
ply. Wheh decontaminating paved areas 
and structures, it is. important that fallout 
material be swept toward predesignated 
drainage facilities, and, where possible, 
downwind from operational personnel. 

11.45' Standard fire fighting equipments 
and trucks equipped with pumping appa- 
ratus may be i^sed in this decontamination 



' For <}i>contaminiition of vitaUrcas nmlatructMres. the term decon- 
tamination factor (DF) is used Thii represents the decimal fraction 
remtiininit nfter <iecontannnation is accoinplithed. 



method. The most satisfactory operating 
distance from nas^le to the point of impact 
of the water stream with open paveigents 
is 15 to 20 feet. On vertical surfaces, the 
water should be directed to strike the sur- 
face at an angle of 30" to 45^ As many as 
three men per nozzle may be required for 
firehosing.' 

11.46 When decontaminating rough 
and porous surfaces o^ when fallout mate- 
rial is wet, the use of both firehosing and 
scrubbing are recommended for effective 
reduction of the radiation hazard. Initial 
firehosing should be ^lone rapidly to re- 
move the bulk of fallout material. Hosing 
f(5llowed l)y scrubbing woulji remove n^t 
of the remaining contamir^tion. Two addi- 
tional men per hose majr be required for 
the scrubbing operation. 

11.47 Decontamination factors between 
0.6 and 0.01 can be realized by firehosing 
tar and gravel roofs with very little slope, 
and 0.09 to 0.04 in decontaminating compo- 
sition shingle roo?s that slope f foot in 
every 2V2 feet. Decontamination factors of 
0.06 can be realized in firehosing of pave- 
ments. 

UNPAVED UND AREAS 

11.48 Decontamination of unpaved land 
areas can be accomplished by removing 
the top layer of soil, covering the area 
with uncontaminated soil, or by turning 
the contaminated surface into the soil by 
plowing. The two latter methods employ 
soil as a shielding material. 

11.49 The effectiveness of any of the 
methods is dependent on the thoroughness 
with which they are carried out. Spills .or • 
misses and failure to overlap adjoining 
passes should be avoided. Reliance should 
be placed on radiation detection instru- 
ments to find such areas, although in 
heavily contaminated areas the fallout 
material may be visible.- Large spills or 
misses should be removed by a second pass 
of the equipment. Small areas can be de- 
contaminated with the use of shovels, 
front end loaders, and dump trucks. 

11.50 Large scale scraping operations 
reqifire heavy motorized equipment to 
scrape off the top layer (several inches) of 
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Figure lL48^Turning contaminated ioil. 

^contaminated soil, and* carry the soil to 
suitable predesignated dumping grounds. 
The contaminated soil should be deposited 
100 or more -feet beyond the scraped area 
ifpossible; if not, at least to the outer edge 
of the scraped area. Scraping can be done 
with* a motorized scraper, motor grader, or 
bulldozer. Effectiveness of the procedure 
^ "depends upon the surface conditions. In 
decontaminating unpaved areas by scrap- 
ing, decontamination factors over 0.04 can 
be realize(^ if all spills and misses are 
cleaned up. ' ' 

11.51 The motor grader is designed fQr/ 
grading operations, such as for spreading 
soil or forilight stripping. This grader can 
be^^fi^erT^ffecJively :ori any long narrow 
ar-ea where contaminated soil can be v 
dumped along the edge of the cleared area. 
The blade should be set at an angle suffi- 
cient for removing several inches of the 
contaminated soil. The scraped up earth 
should be piled along the ground in a 
windrow parallel to the line of motion. The 
windrow can be either pushed to the side 
of the . contaminated field and buried by 
the grader or removed by other pieces of 
earthmoving equipment. ^ • 

11.52 The bulldozer can be useful in 
scraping small contaminated areas, bury- • 
ing material, digging sumps for contami- . 
nated drainage, and in back;filling sumps. 
It would be particuJarly suitable in rough 
terrain where it could be used to clear 

^^^bstructions and as a prime mover to as- 
sist in motorized scraping. The contami- 



.nated soil stripped off by a bjullflo^er 
should be deposited at t\%e outer edge of 
the scraped area, or beyond, if pr^ticable* 

11.53 Filling may offer no advantag^ 
over scraping, either in, effectiveness or 
speed. Its principal use would be where 
scraping procedures could not be/used,. 
either because of rocky gjround or Joecause 
of permanent obstructions. Filjiilg can be 
.used in combination with other methods to 

achieve a low decontamination factor. The 
object of filling is-to c.over the contatni- 
nated area with uncontaminated soil or fill 
material to provide shielding. For these 
operations^a motorized scraper, bulldozexv. 
mechanical shovel, or dump truck and 
grader may be used. , 4 

11.54 The effectiveness of filling rela- 
tively flat surfaces will vary with the 
depth of fill. A 6-inch fill of earth can 
reduce the radiological hazard directly 
above to a decontamination factor of 0.16, 
and a 12-inch fill can yeduce the hazard to * 
a decontamination factor of 0.02. 

11.55 Plowing provides earth shielding 
from radiation by turning tbe contami- 
nated soil under. /It is a rapid means^ of 
decontamination, but may not be suitable 
in areas in which personnel must oi^erate 
or travel over the plowe^ surface* TKe 
depth of plowing should be from 8 to 10 
inches. In decontaminating unpaved l^d 
'areas by plowing, decoptamination factor^ 
of 0.2 can be realized if the depth of ploiv^ 
ing is from 8 to 10 inches. 

11.56 Two or more methods can be' ap- 
plied in succession, achieving a reduction 
in the radiation field not possible, practi- 
cal, or economical with one method alone^ 
Afiy of three combinations of method*-; 
scraping and filling, scraping and plowing, 
or flowing, leveling /and filling — could be 
effective in unpaved area^ In Some easel, 
any of the three might be more rapid^than 
individual remoyi|^ of spillage: Th\ equip- 
ment used woujd be the same as in cetmpjOb 
nent methods previously discussed* 

11.57 Because large earthmoving 
equipment could not be used in|$mall 
areas, such as those around a building:, 
othe: methods of decontaiViination must be 
used. If the area is large enough for a 
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small garden type tractor, or frontend 
loaders^ these can be uied fpr plowing and 
scraping the soil. Improvised methods of 
scraping: small areas, such as using a jeep 
to tow a manually operated bucket scoop, 

—could be usedrTh^l-e would remain some 
•^reas- requiring hand labor with shovels, 
to dig up oriemove the top layer of soil, or 
sod. Equipment and manpower require- 
,ments forl6ading and hauling the soiHo a 
disposal area should be included in esti-' 
mate of jdecontamination **costs''. The 
rates of operation of these methods would 
^v^ary with the type of terrain, and its vege^ 
tative cover. The various procedures can 

' result in decontamination factors of 0.15 to 
t).l. 

«> 

INTERIOR OF STRUCTURES 

y'^Sym The two principal methods for de- 
contaminating Interiors of structures are 
vacuum cleaning and scrubbing with soap 
and water. Vacuum cleaning is useful for 
the decontamination of furniture, rugs, 
and floors. Floors, tables, walls, and other 
s^rfacescan be decontaminated by scrub- 
bing^/tfiei)i with soap and water. Mild de- 
tergents can be substituted for soap. Rags, 
hartd brushes (o^ power-driven rotary 
brushes, if available), mops, and brooms 
are suitable for scrubbing. 

COlb WEATHER DECONTAMINATION 
PROCEDURES 

11.59 pold weather, decont«^mation 
methods will depend upon the weathe/ 
conditions prior to and after the arrival of 
fallout.'Vadmis problems such as fallout 
on various depths of snow, on^ frozen 
ground or pavement, mixe^ with §now or 
free?;ing. rain, and under various depths of 
snow could occur after a contaminating 
attack. The liVesence of snow or ice would ' 
complicate the situation since large quan- 
tities of these materials would have, to be 
moved along with the fallout material. In 
addition, snow andTcT could cause loss of 
mobility to men and to equipment. Fallout 
miy b^ cleariy visible as a dark film or 
layer of soil or powder on ot within snow 
unless it precipitates with the snow, 



^ 11.60 The principak^old weather decon-t) 
tamination methods Yor paved* areas, and 
structures are:,(l) Snow loading, (2) sweep- 
ing, (3) snow plowing, and (4) firehosing. 

iUt61 Snow Iq^a^dinjr. is acp^^ 
with a front-end loader and is applicable 
for snow'covers. When fallout is on snow, 
the front-end loader bucket is used to 
' scoop up the contaminant- and ^op layer of 
snow, which are fprced into the bucket by 
the forward motion of the -vehicle. The 
snow cover sh6uld be observed- closely for 
pieces of contaminated debris which may 
have penetrated to some depth. The loader 
carries the contaminated material to, a 
dump truck which removes it to a dumping 
area* The 'remaining cleah snow is re- 
moved by normal snow-removal pi*5ce- 
dures. Decontaminatioaiactors of approxfil 
' mately 0.10 can be realized b^this process, 
depending mainly cm-^e amount of spik 
lage. . 




• FIGUBE 11.61^Fron^end loader. 

^ 11.62 Pavement sjveepers caii^ -used 
for failout on diy- pavement, traffi<j.paqked 
snow, or reasonably leVel frozen soil or ice. 
Pavement sweepers, are more effective 
than firehosing where there is a drainage 
problem, or whe.n temperatures are low. 
Sweepers will not effectively .pick up con- 
taminant on wet pavement above the 
freezing or slush point on ifce or packed 
snow. Decontamination factors are ap- 
proximately 0.10. ' 

11.63 Snow plowing is applicable for all . 
depths. of contaminated sno^v. When ,fal- 
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Jout is precipitated with snow,'all of th^ 
snow must be removed to the dumping 
area. Blade snowplows, road graders^ or 
bulldozers in echelon, windrow the con- 
taminated snow to one side until the blades 
are stalled by the snow mass. A snow 
loader can be used to put the contami- 
nated ^jiow in dump trucks, which move it 
to the dumping area. Decontamination 
factors of 0J,5 can be realized by this 
method. ^ 

11.64 Firehosing is possible and can be 
used on paved areas and exteriors, of 
structures slightly below freezing temper- 
atures. Firehosing is npt recommended 
where slush from sno>v will clog drain 
Problems associated with fjrehosing below 
32'' F are freezing of the water, thereby 
sealing the contaminant in ice and causing 
slippery conditions for the operating per- 
sonnel. The principle of operation, and 
equipment used^in temperate weather, 
will be the same under cold weather condi- 
tions. The effectiveness of firehosing will 
depend on surface and standard exposure 




rWes, and the decontamination .factors 
will vary from 0.5 to 0.1. . ' 

1L65 In small areas, such as roofs of 
buildings, and abound buildings, where 
large snow removal equipment could not 
be used, other methods of decontamina- 
tion must be used. With small amounts of 
dry snow on roofs or paved areas, sweep- 
ipjg; the area^ with -brooms is satisfactory. 
With larger 'amounts of snow, with the 
fallout material on top of the snow, or 
mixed with the snow, shoveling the snow 
and removing it to an area where large 
sijiow removal equipment can be used i^ 
practicable. The rates of operation of these 
methods would vary with the amount of 
snow to be removed 'and the type of sur- 
face to be decontaminated. TJie ^various 
rocedures can result in decontamination 
ctors of 0.15 io 0.1. 
11.66 In order to locate needed services 
and to guide the movement of decontami- 
nation equipment fthrough heavy snow 
covers, coloijed poles should* mark street 
corners, drains, hydrants and" hidden ob- 
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1^ UNUSUAL HAZARDS ARE ASSOCIATED WITH THESE METHODS, AND SPECIAL PRECAUTIONS OR 
PROTECTIVE EQUIPMENT ANO.REOUIREO. rntv^v ii^/i^^j , 



Figure I1.67^SmaH seal? decontamination methods. 
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stades. Open ground areas planned for RinERf NCE 

poatattack use should be cleared of rocks, 

stumps, etc., prior to the arrival of snow. Decontamination Considerations Tor 

, 11.67 Figure 11.67 lists other decon- Architects and Engineers, DCPA TR 71 
tamination methods that may be used on a ^^^^ 
small scale, for specific areas of high con- ' 
tamination. 
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RADEF OPERATIONS^ 



The man-in-the-street often thinks of 
modern war a^ '*push button war" with 
visions of all our forces moving automati- 
cally at the pressing of a button on' the 
President's desk. This just isn't so, of 
course. If there is no' such thing as **push 
button war*', how nJuch more so is there 
no such thing as "push button radiological 
defense." We may have sensitive machines 
and instruments to measure nuclear ra- 
diation, but these devices must be oper- 
ated^ interpreted and the information 
acted upon. It is the prime objective of this 
chapter to explain how and' by whom 
RADEF operations are carried out, and 
how the responsibilities for such opera^ 
tions Yary a*mofig different types of 
RADEF personnel and within the various 
levels of government. 

INTOODUCTION^- 

12.1 To be effective, radiological de- 
fense countermeasures require rapid de- 
tection, measurement, reporting, plotting, 
analysis, and evaluation of fallout contanj- 
ination for use during the early period 
after attack and trained radiological per- 
sonnel are needed at all levels of the gov- 
erriment--5;ederal. State, and local, to pro- 
vide such information and skills. 

12.2 The RADEP Officer and other 
RADEF personnel, in cs^rrying out their 
responsibilities, act in a '*staff" rather 
than in a "command" capacity. They pro- 
vide an important part of the techpical 
information upon which Civil Prepared- 
ness command decisions Will be based. 

12.3 It must 'be stressed that though" 
RADEF jJersonnel serve in a staff capac- 
ity art the various levels of government, 
fallout radiation is a physiqal not aj)oliti' 
caT^henoriTefton. short, fallout 3oes not 
recognize city, state, or county bounda- 
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ries. As a consequence, effective RADEJF 
countermeasures demand cooperation 
|mong the various RADEF (M:ganizations. 
This cooperation must be^both horizontal 
and vertical: horizontal among organiza- 
tions on the s^me level of government 
(e.g., different counties or States); vertical 
among levels (e.g., city and State). Also, 
cooperation must not wait until an at- 
tack — it must be planned for and worked 
afnota. 

WHO WILL CARRY OUT RADEF . ^ 
OPERATIONS? 

12.4 To carry out the various functions 
of radiological defense, there is need for 
Radiological Defense Officers, Assistant 
Radiological Defense Officers, Monitors, 
Analysts, and Plotters. The following par- 
agraphs define each of these positions and 
summarize duties and responsibilities. 

"These definitions are riecessary at this 
point to avoid repetition in the later level- 
by-level description of the operational 
process. 

DEFINlTfONS 

12.5 Radiological Defense Oj^icer. — A ^ 
person who has been trained to assume 
the, responsibility for policy rec6mmenda- 
tions for the radiological defense of a 
State, county, locality, facility, or a rela- 
tivelyjarge group of organized personnel. 

^ This officer must be conversant with 
measurement and reporting procedures, 
capable of evaluating the probable effects 
of reported radiation on the people and 
their environment, and capable of recom- 
mending appropriate prCte^rtive measures^ 
^^]^ch as^remedial movement, shelter, ar&T 
"^^decontaipin^tton) to bd^taken as a result of 
the evaluation. 
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^ 12.6 Assistant Radiological Defense OY- 
/icer.— Definition similar to that of the 
Radiological Defense Ofli2^»sXess admin- 
istrative capability is^requirectSlmt the 
-capabilities- li^ted-^abovie are f e^qulr^ 
should be borne in mind that the.ternT 
"assistant'' is an organizational di^iinc- 
tion rather than indicative of anything 
less than 100% possession of all necessary 
RADEF Officer qualifications. 

12.7- Monitor.— K person who has been 
trained to dete^tjrecord, and report radia- 
tion eVposures and exposure rates. He will 
provide limited field guidance on radiation 
hazards associated with operations to 
Which he is assigned. 

12.8 Analyst.— A person who has been 
.trained to prepare monitored radiological 
data in analyzed form for Use in the area 
served as well as by other levels of govern- 
ment to which reports of such data' are 
sent. He/^rill also evaluate the radiation 
d^cny^t^ems as a basis for estimates of 

- future exposure rates and radiation expo- 
sures associated with emergen*?y opera- 
tions. 

12.9 Plotter.— A person trained to re-" 
cord incoming data in appropriate tabular 
form and to plot such data on maps. He 
will also perform routine computations un- 
der direction. - 

lEVEl-BY-LEVEl RADEF OPERATIONS 

12.10 Fqllout monitoring station activi- 
ties.— Upon receipt of warning of likely 
attack, monitors (at least four should be ' 
assigned to each station to'provide 24-hour 
continuous monitoring), will be advised of 
the likelihood of attack. They will then 
begin to carry out the emergency plan. 
Upon arrival at the monitoring station, all 
equipment and procedures should be 
ch^iked and an operational readiness re- 
port made to the emergency operating 
center (EOC) RADEF Officer, thus^rify- 
ing that the station is ready to operate. 
The monitoring station will send the EOC 
a FLASH REPORT the first time the unf 
sheltered exposure rate equals or exceeds 
0^5 B/hr. The station also^aends seheduled^' 
EXPOSURE RATE REPORTS and EXPO- 
SURE REPORTS, plus SPECIAIj, RE 



PORTS ,whenever^ declining rate^trend is 
reversed and there is a rapid increase. 

NOTE 



For the monitoring station, and for all 
levels/the time before faltout arrives is 
a time of intense activity. Not a mo- 
ment should belos\ by RADEF person- 
nel between arrival at assigned loca- 
tions and performance of all prescribed 
readiness actions. 

^ 12.11 Shelter monitoring activities. — 
Aftef checking his^ equipment, the shelter 
Inonitor will make an operational readi- 
ness report to the shelter manager (who, 
in turn, will report that fact to the EOC). 
The shelter n^onitors will measure and 
report to the shelter manager the daily 
cumulative exposure of shelter occupants. 
This in-shelter exposure will be reported 
to the EOC if it exceeds 75 R. Should this 
be exceeded during the first two days in 
shelter, or should the exposure rate ex- 
ceed 10 R/hr, an EMERGENCY REPORT 
should be sent to the EOC requesting ad- 
vice. Th^ shelter monitor will also report 
to the shelter manager as to the daily 
exposure rate. Should any occupied area of 
the shelter be receiving a r*ale of 2 R/hr or 
more, the monitor will'report on the expo- 
sure rates within various areas of the 
shelter so that the manager may move 
shelter^cupants to safer positions in the 
she^t(?f: The shelter may also be desig- 
nated as a station in the regulaif monitor- 
ing netwji3d«rt» which instance the opera- 
tions' *3escrib^ in paragraph 12.10 will 
also be performed. 



12.12 The Ideal emergency operating 
center.— Loc^X emergency operating cen- 
ters first determine that monitoring sta- 
tions are in a state o^ operational readi- 
ness. Subsequently, the local EOC's will 
receive reports from these monitoring sta- 
tions and shelters and will transmit sum- 
mary-type data to the State EOC. In addi- 
tion, and as previously agreed upon, this 
data can be made available to neighboring 
EOCs. The r^eports to the State EOC will 
include flash reports made upon their re- 
ceiprfrom any of the monitoring stations 
within the network of the local EOC. Expo- 
."^-Strrr^d exposure rate reports will also be 
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made in summary form -to the State EOC 
as determined by the State Civil Prepared- 
ness Plan, The exposure rate report will 
include typical exposure rate if the area 
within the jurisdiction of the local EOC is 
small. The local EOC's will also report the 
accumulated unsheltered exposure at 
least once each day to the State EOC. It 
should be noted that the term "local EOC" 
i^ used here to designate the operating 
echelon or echelons between the monitor- 
ing statio^ and the State EOC. (A very 

. large iJity.may.hayeJocal area EOC's,$and- 

— witjhed- in between the stations and the 
local EOC's.) In addition, some States may 
have county EOC's between the local and 

^ JState.EDi:^&^Ues.e yarious EOC's may 
report to a sub-^ate EOC depending on 
the State*s^^ge6graphy and population. 

12.13 The State Emergency Operating 
C7enter,— This_is, the com„mand level for 
each State's Civil Preparedness organiza- 
tion. The State EOC receives reports from 
local, local area, county and/or sub-State 
EOC's within Jhe State and- wilt, in turn, 
send to the appropriate DCPA regional 
office flash reports summarizing the 
spread of fallout across the State as well 
as exposure rate analyses. The State EOC 
will also send selected flash reports as 
appropriate to the local EOC to alert them 

_ _i}f .approaching fallout and exposure rate 
reports to advise local centers of exposure 
rates in neighboring communities. Neigh- 
boring States, in addition, and Canadian 
provinces can also be sent flash reporj^s 
and exposure rate analyses by the State 
EOC. State EOC's are tied into a national 



RADEP system through the DCPA re- 
gions to which they report. 

12.14 In addition to collecting and re- 
porting data, RADEF Officers at the State 
(sometimes sub-State) level have \the re- 
sponsibility of providing the data for fal- 
lout warning and other fallout advisories 
issued to the general ^jopulace by the Gov- 
ernor or other properly, tlesignated civil 
authority. There are many possible types 
of advisories which could be issued^^e- 
pending upon local conditions. 

EMERGENCY OPERATING CENTER 
PERSONNEL 

12.15 Communities over 500 population. 
State and county governments, and cer- 
tain field installations of Federal agencies 
require other radiological defense pjerson- 
nel in addition to monitors. These are the 
RADEF- Officers, Assistant RADEF Offi- 
cers, Plotters, and -A nalys t s ix^cated at 
EOC's. Their functions were summarized 
in paragraphs 12.5 to 12.9rAs"aTUle,nruTal 
areas will need only monitors. The number 
of Assistant Radiological Defense Officers 
will depend on community size. Large ci- 
ties will require several, while small com- 
munities may require none. 

12.16 A suggested guide to the number 
of Analysts and .Plotters for communities 
of various sizesJs shown in Figure 12.16. A 
Radiological Defense Officer can "double 
in brass," filling in for a v-ariety of RADEF 
personnel where no other individual is 
available to perform the particular func- 
-tfon. 



population" 


PLOTTERS 
NEEDED^ 


ANALYSTS 
NEEDED 


Under 2,500 


1 


1 


2,500 to 25,000 


1 


1 


25,000 to 250,000 


4 


2 


Over 250,000 


6 


3 
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Figure 12.'16^Requirement8 guide plp^jers and analysts. 

A- 

'•'lis. 



NOTi 

This is a "one-way street," however, 
Jf^c^««'an analyst, for example, CAN- 
- ^OT perform theJfimctions of a Tta- 
dtologtcal Defense Offiifer unless he IS 
a Radiological Defense Officer. 

A REPORTING NETWORK 

12:17 The monitoring stations must be 



linked iatq a well organized and extensive 
reporting system, running up through the 
sub-State and State organization all the 
way to the national center. It is vital that 
the data- produced at eaph level should 
support the higher levels. Also, data must 
be consistent between and among report- 
ing levels. No correct ''conclusions can be 
drawn from data that employ different 
units of measurement or time bases. 
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RADEF PLANNING 



In a church in Caracas, Venezuela, a 
pickpocket, hoping to stir up some excite- 
ment, during -which he could work more 
e^Jfer, shouted "Fire." There was no fire 
but the congregation stampeded anyway. 
When the screaming mob finally burst out 
of the church, many huddled forms were 
left behind, trampled and broken. Fifty- 
three of them, including 22 children, would 
never discover that there was no fire. 

After the Titanic smashed a gains t an 
iceberg a Mrs. Dickinson Bishop left $11,- 
000 in jewelry behind in her stateroom, 
but asked her husband to dash back to 
pick up a forgotten muff. Another passen- 
ger on the sinking vessel. Major Arthur 
Peuchen, grabbed three oranges and a 
good-luck pin, overlooking $300,000 in se- 
curities he had in his cabin. Still another 
passenger carried into the lifeboat nothing 
but a musical toy pig. 

There are countless cases of persons 
who in their haste to escape hotel fires, 
jump from upper story windows located 
just 4 few feet from a fire escape. 

The cause of this strange and illogical 
behavior is panic and the cure is planning. 
The major objective of this chapter is to 
describe the importance of planning to 
effective Radiological Defense. . 

THE EXP^IMENTAL EVIDENCE 

13.1 In a series. of 42 ^^aryine experi- 
ments with from 15 to 21# subjects, the 
psychologist Alexander Mintz clearly 
showed the yvide differences between 
planned and unplanned behavior in a pe- 
riod of stress. The experimental situation 
^ consisted ^of a largfe glas3 bottle with a 
narrow mouth. Inserted in this bottle were 
a rvumber of aluminum cones. These cones 
were attached to strings each .of which. 



was held by one of the participants in the 
experiment. The id^a, of course, was to 
pull the cones out of the bottle. When 
conditions such as we might have during a 
sudden emergency arose and there was 
"every man for himself, traffic jams oc- 
curred. Sometimes but one or two cones 
were jerked free before the rest were 
hopelessly snarled. 

But, when the participants were given 
time for prior consultation and planning, 
there were no traffic jams. In one instance 
all the cones were removed in under 10 
seconds.^ 

13.2 But what happens when there are 
no plans? We saw the experimental evi- 
dence. Cones get jammed. Strings get 
twisted. The evidence of real life is just as 
simply stated: people get killed and in- 
jured; property gets destroyed. It is said 
that casualty statistics are people with the 
tears wiped off. Let's look behind the sta- 
tistics and examine a few of the legion of 
tearful stories. 

THEY HAD NO PLANS 

13.3 A bustling, city of -30,000 was lo- 
cated at the point where two swift streams 
met. The city was built along the low river 
banks, surrounded by .steep hills. As a 
result of this situation, the lower part of 
the city suffered from floods every spring. 

13.4 TJpstreanf was a huge dam, origi- 
nally built to store water for a canal but 

^progress made the canal uneconomical, so 
it was abandoned and maintenance halted 
on the dam. Gradually the dam deterio- 
rated. Water seeped out in a hundred pla- 
ces and within a few y.ears the water level 
had dropped to half^'When a small break 



• Non-Adnptive Group Behnvior. Alexunder Mintz. Rendinr* in Socml 
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Otcurred, the water level was low and only 
part of the city was flooded. 

13.5 Subsequently, a hunting and fish- 
ing club leased tTie dam and the la"ke it 
impounded. The club tried to repair the 

' Their work seemed sound. But into 
, the break had been dumped tree stumps, 
sand, leaves, straw and other debris. Later 
on, heavy rains caused m^ny leaks in the 
dam and floods in the city. 

13.6 Finally, there was an even heavier 
J-ainfall. After six -inches of rain, the Water 
level in the dam rosejcapjdly. Crews hired 
by ihe hunting and fishing club worked to 
repair the leaks but the rising waters kept 
eating away at the rotten structure. 

13.7 Finally, a civil engineer inspected" 
the dam. He realized it would not hold and 
tried to get word to the city below. There 

. were no telephones and the storms had 
downed the telegraph wires. Word did not 
get through. Mean\vhile, the workers 
. watched in horror as the waters began to 
roar over the tpp^f the dam racing for the 
'City, 12 miles away an^ 400 feet lower in 
elpvation. 

13.8 A half millioo cubic feet of water 
rushed through that breach .picliing up on 
the way trees, houses, boulders^ When it 
reached. the city it" was a wall 30 feet high 
moving at, 20 miles an hour. The result- 
annihilation! The city was destroyed, and 
2,000 people lost their lives in an instant of 
terror. 

13.9 But the disaster'need never have 
happened had the warnings of the dam 
Itself been heeded during the preceding 
quarter century. Even if no efforts had 
been made to remove the cause-the ob- 
viously unsound condition of the dam-it 
seems unbelievable that 'no one planned 
for a possible serious break, and no one 
planned a warning system. 



AND STILL NO PUNS 

13.10 But we need not go all the way 
back to the Johnstown flood to see the 
effect of lack of planning. The greatest 
manmade disaster in recent American 
history-is replete with examples of lack of 
planning, from its beginnings in the hold 
of a sh-ip in Galveston Bay to its end a few 



hours later in a devastated city, ravaged 
to the tune of 552 dead, 3,000 injured and 
maimed and over $50,000,000 in property 
damage. 

13.11 It all began with a few wi;^ of 
smoke from the cargo of feftillzer carried 
on board the SS Grandcamp. A crewman 
investigated, but even after shifting sev- 
eral bags of the fertilizer, he could find 
nothing. He tried throwing buckets of 
water in the, direction of the smoke. No 
effectf. Next he tried a fire extinguisher 
Stilt no effect. So he called iDr:a fire-hose. 
'But the foreman objected, losing down 
the cargo would ruin it. The Captain or- 
^dered the hatches battened down aijd the 
turning on^pf the steam jets. Turning on 
steam to fight fires is standard marine 
firefighting practice, and has been for 
years. But this fertilizer was ammonium 
nitrate, which, when healfed to about 350 
degrees Fahrenheit, becohies a high explo. 
sive. 

\ Someone should have known how 

to deal with this explosive fertilizer. Some- 
one should have made plans for putting ov(t 
a possible fire in or near the nitrate. But " 
no one had. And so, at 12 minutes after 9 - 
on the niorning of April 16, 1947, the 10,- 
419-toB Grandcamp and all those aboard 
were blown to bits. The explosion, calcu- 
lated as equivalent to 250 five-ton block- 
busters (1.25 kilotons) going off at once, 
dropped 300-pound pieces of the Grand' 
camp 3 miles away. Two smlu planes, 
flymg at about 1,000 feet above Ihe harbor 
disintegrated from th^ trewien^us con- 
cussion. The blast swept across\he com- 
plex of oil refineries and chemical plants, 
smashing them flat and setting off other 
explosions and fires. 1 ^ 

13.13 As a result of this explosion and 
the later and even more violent blast from 
another ammonium nitrate laden ship, the 
SS High Flyer, chaos reigned in Texas 
City. Though the citizens of the city 
worked with courage and initiatiVe to help 
the injured, for the first few hours their 1 
work was uncoordinated. i 

13.14 Th^e was no disaster plan. \ 

13.15 The head of the Texas City disas- 
ter organization is quoted as saying: "We 
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had an organization, but it was designed 
for hurricane. We weren't prepared for 
anything like this. In a hurricane, you 
have some warning and you can get your 
organization ready. But we had no warn- 
ing in this, and our organization was scat- 
tered all over town. And do you know what 
happened at o]ir meeting to develop a dis- 
aster organization just 3 weeks before the 
^explosifon? People pooh-poohed the idea!"^ 

.^^ORE UCK OF PLANNING 

13.16 On September 5, 1934, the SS 
Motto Castle Steamed out of Havana har- 
bor. A seagoing hotel, the ship was 
crammed with passengers heading back to 
New York after a CarjbJ)ean vacation. The 
ship was equipped with all" the latest 
equipment to detect, cpnfineC and extin- 
guish fires. ^ 

13.1'7 Captain Wilniott was confident in 
the fire safety of his ship. But 2 days later 
hjB was dead of a heart attack" and his 
second in command had scarcely gotten 
accustomed to being Captain whert a deck 
night watchman reported a fire. 
^ 13.18 After investigating, a belated 
alarm was sounded artd the crew tried to 
put out the fire. The ship was equipped 
with fire doors which, if shut in time, 
might have kept the fire from spreading 
past the point af origin. 

13.19 But no one had been assigned to 
close thefiTe dooTS. . 

13.20 This, and other evidence of seri- 
ous planning deficiencies, caused the Act- 
ing Captain and Chief Engineer to be sent- 
enced to prison fpr incompetence and ne- 
glect of duty (they were later cleared by a 
higher court) and the steamship line was 
fined $15,000 foe failure to enforce safety 
regulations and for placing nrfqualified 
personnel in charge of the ship. The final 
cost was 134 dead and $4,800,000 property 
loss. 

ANOTHER CATASTROPHE 

13.21 Or take the case of the former 
French liner Normandie. The lack of plan- 



•Quoted fn THE KACE OF DISASTER. Donuld Robmson. p, 130. 
06^I«day & Co.. New York. 1959. 



ning is summed up in a straight-from-the- 
shoulder report of the National Fire Pro- 
tection Association: 

*The fire-spreading conditions aboard 
this vessel had been allowed to become 
so bad during the execution of a $4,000,- 
000 conversion contract that a wayward 
spark from a cutting tool, inexcusably 
landing in a kapok life preserver, was 
sufficient to culminate in the total de- 
struction of an uninsuTed $53,00(|(b00 
ship. Because although the incipient 
outbreak started in broad daylight un- 
der the eyes of 1,750 employees of the 
contractor — plus another 1,650 Navy, 
Coast fJuard and subcontractor person- 
nel — not one of them had the rudimen- 
tary training required to stop the 
thing— or eVen the wit to promptly call 
in somebody with the training. By the 
timewthe fire department was sum- 
moned, the blaze had advanced so far 
that a fifth alarm was required, putting 
to work more apparatus th^an is owned 
by cities the size of St. Paul, Minn., or 
Toledo, Ohio." 

A FINAL TRAGEDY 

13.22 Finally, there was the Coconut 
Grove fire. • C - 

13.23 The Coconut Grove was many 
things. It was a fire trap infested with 
safety violations (for which the owner was 
later sentenced to prison for from 12 to 15 
years), li was the last hour for 450 per- 
sons^ It was also an example of lack of 
planning, from the major, exit door that 
opened inward (where some 100 bodies 
Were found jammed), to the narrow stair- 
ways, to the inflammable decorations, 
even to the lack of planning in sending the 
victims to hospitals. - . 

13.24 , Boston's City Hospital received 
129 fire victims, thujs greatly overloading ^ 
its facilities. Massachusetts General Hos- 
pital received only 39 and could have han- 
dled many more. Thirty other victims were 
distributed at^iong 10 other civilian hospi- ' 
tals. Seventy-eight percent were sent to 
City Hospital simply because that is whjere 
accident victims usually were sent. 

13.25 Nor one planned for the disaster 
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when masses of people would simqltane- 
ously, become the victims of accident. 

^IHEY HAD PtANS - - 

13.26 When an exploding ammunition 
_ship^ faced South Amboy, N.J., with the 

same situation as Texas City, the mayor 
had a disaster plan all set to go. Immedi- 
ately the rescue operation went into high 
gear. 

13.27 Men knew where they were sup- 
PX)SQd t9 go^ and they-went there:-0ff-duty 
police were automatically called in. Road 
blocks controlled traffic keeping the sight- 
seers out and letting relief supplies in. 
Liaison was established, per plan, with the 
State Police and the National Guard. 

13.28 The property destruction at 
South Amboy was nearly as great as at 
Texas City ($36,000,000) but the loss of life 
was far less (31 dead): 

PUNNING PAYS OFF 

13.29 In what was termed "the most 
successful exercise . . . ever hea-rd of in 
the United States", some 200,0(F people 
evacuatSd low lying areas on the Texas 
coast to avoid hurricane Carla. 

13.30 The success and smooth function- 
ing of this gigantic movement had many 
reasons. According to the Govlernor, of 
Texas, "The success of evacuation was the 
result of careful planning which began 10 
years ago in the Governor's office when its 
Division of Defense and Disaster Relief 
was set lap." A Red Cross official added, 
". . . critics said the Government was 
pouring money down a rathole (for plan- 
ning). It wasn'l^it was this plan we were 
able to use. The State has a CD plan and 
made the plan work— that is .why we were 
able to do so much". . 

13.31 The head of the Texas Depart- 
ment of Public Safety, when asked why 
the operation had been such a resounding 
success, answered, "Why? It Was done be- 
cause of preplanning and training" A 
county judge added, "Let people know the 
value of preplanning": In Louisiana, the 
Lake Charles Civil Defense Office stated 
that, "The biggest lesson of Carla was that 




all of the effort-puTinto some 3 or 4 years 

of intense draining and planning paid' off. 

When it was needed, the organization was 
'Teady to roll^-iit was only a matter of 

calling the staff together and giving them 
.the job."^ 

EMERGENCY VERSUS CATASTROPHE 

13.32 Despite differences in dictionary 
definitions, often the only real difference 
between an emergency and a catastrophe 

: -is — prior-planning. 

13.33 Perhaps the best Concrete exam- 
ple is the damage control system used by 
all major modern navies. Naval combat 
ships are not designed from the standpoint 
of wishful thinking— optimistically hoping 
that there will be no hits and do damage. 
Rather, naval vessels are designed with 
the- point of view th^t the ship that can 
take the most' punishment and still fight 
on is the ship tliat will survive and win 
victory. Hence, naval combat vessels have 
elaborate, but very practical, damage 
control systems. These systems include 
watertight compartments of various sizes, 
provisions for pumping, for counter-flood- 

. ing to restore balance, of standby and 
auxiliary power, intensive training and ef- 
fective organization of the crew, and many 
other features. All these are the result of 
the analysis of thousands of accidents at 
sea, naval engagements, and just plain 
hard, logical thinking. Thus, when a ship 
slides down the ways it is the product of 
countless plans, not the last of which is 
planning to keep an emergency from turn- 
ing into a disaster. 



AN IMPORTANT LESSON 

13.34 You might well wonder what the 
preceding paragraphs have to do with ra- 
diological defense planning as such. How 
does the Morro Castle, the Coconut Grove, 
our Navy's damage control systems, or 
Johnstown, Pennsylvania, relate to the 
problems of planning for <|ivil prepared- 
ness; what do the explosive qualities of 
ammonium nitrate have to do with de- 
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fense against, or recovery from niiclear 
attack? The answer is both simple and 
logncaL 

^3735^ The cases whTch "have IBeen docu-' 
mented above all setve as illustrations of a 
single, vital truth. Namely, planning con- 
sists of a two-pronged approach to a poten- 
tial problem area which can be summa- 
rized as: 

1. LOGICAL ASSUMmONS 

2. PRACTICAL ANSWERS 

This is no less the case for radiological 
defense planning than for 'any other type. 
The sole purpose-^of the preceding para- 
graphs has been to "set the stage" along 
these lines for our consideration of 
RADEF planning which will follow. 

RADIOLOGICAL DEFENSE PLANNING 

13.36 In the previous chapter, we took 
a 'level-by-level look at the operations of 
the RADEF organization from the basic 
monitoring station on up to the^St^lfe ^ 
emergency" op^ratmg center. We will fol- 
low this same procedure in this chapter 
but, first, some general comments on 
RADEF planning are in order. 

WHERE DOES PUNNING ORIGINATE? C 

' 13.37 Though there is obviously a need 
for careful planning in RADEF, most peo- 
ple are aware that, this does not mean 
these plans can be finalized in Washington 
and shipped out to the States and local, 
communities to adopt and put into effect. 
On the contrary, with a country as diverse 
as the United States, a plan worked put 
for^ Chicago or New York will not be jthe 
same, indeed ^should not be the same, as a 
plan devised for a farm community or a 
seacoast area. An understanding of the 
wide diversity of the United States is be- 
hind thp establishment of a Federal sys- 
tem of government by the Founding Fath- 
ers. They knew that differing situations 
required different^ methods. This is also ^ 
true ir^ RADEF, for at the various levels of * 
gove^pijm.ent, 3tate? cotXTity an^local^^oiwe 
radiological defense functions are similar, 
some are materially different and the em- 



phasis on a given function may appropri- 
ately vary from level to level. 

PLANNING RESPONisiBILITY RESTS ON- 
GOVERNMENT AT ALL LEVELS 

13.38 At the community or urban level, 
detailed and current radiological intelli- 
gence would be essential for warning and 
directing the protective action to be taken 
by the local populace as-well as for control 
of radiation exposure to personnel per- 
forming locally -^directed^ emergency and 
recovery functions as called for in the 
complete Civil Preparedness plan. 

13.39 At the higher levels of govern- 
ment, there is increasing responsibility for 
planning, coordinating, and, as necessary, 
directing protective, remedial and recov- 
ery actiohs and programs beyond the ca- 
pabilities of the individual communities. 
In order to perform such RADEF func- 
tions within the framework of the overall 
plan, the State, county or local level needs 
areawide intelligence which is dependent 
upon reliable monitoring and reporting, 

13.40 Each State has the major respon- 
sibility for planning, development and im- 

"plementation of Civil Preparedness pro- 
grams, and intrastate administration of 
I^ederal assistance for development of 

^emergency operation capabilities at local 
to State levels* ^ . 

13.41 Although the State plan need not 
present complete detail of all purely local 
radiological defense operations, local capa- 
bility is a prime requisite for successful 
statewide operations and must be pro.- 
vided for as a part of the more basic State 
plan. Having a State plan is, alone, just 
not enough, I 

N,OTE 

Dont forgett The primary responsibil- 
ity for Civil Preparedness planning^ 
and therefore RADEF y rests with the 
■ primary legal authority for whatever 
government unit is involved, 

13.42 Once again, planning is the re- 
sponsibility of the Coo^inator of Civil Pre- 
plaredness at'each ^evel. In 'large or com- 
plex jurisdictioTjs, a special pF^nniflg 
group .might be established to assist the 



director in making the plan. This special 
group should ^svork. with him. (or his dep-" 
uty)* The members of such a group gener- 
ally should be relieved from all, or many, 
of their other duties to give major time 
and attention to planning. v 

* A ^ * 

NOTE 

When authenticated* by the proper offi- . 
cial, acting within the legal purview of 
hia^ authority, the Civil Preparedness 
operational plan bears the full force of 
law. 

13.43 Remember, ^ sound planning cy|- 
cle is a continuous planning cycle. There 
are excellent reasons for this. 

NO PUN WILL EVER BE COMPLETE OR 
FINAL 

13.44 Many wars have been lost be- 
cause generals learned their lessons too 
well and formed their plans too firmly. The 
lessons they learned were from the pre- 
vious war. They analyzed the tactics, they 
studied the success and defefiits, the ad- 
vances and retreats. They would never 

• maTte those mistakes. And'they never dicj. 
They made new mistakes because^ while 
learning their lessons, and building plans 
on the basis of those lessons, the world 
was changing. New methods were appear- 
ing. Thus, the French army in World War " 
I, learning well the lessons of the previous 
Franco-Prussian War, determined to at- 
tack, attack, always attack. Unfortu- 
nately, the introduction of machine guns, 
barbed wire, heavy' artfUery, and other' 
new weapons gave the advantage to the 
defence. When the pride of France broke 
against' the German defenses in Alsace- ' 
Lorraine, the war then passed into^a 
phase dictated not by^old ^lans but by new 
weapons. Thc^usands'of lives were lost to 
gaih.a few yards of soil. Any lessons based, 
on the early phase of World War I would 
equally have been incorrect during World 
War II, for the tank, self-propelled artil- 
lery, and parachute troops gave the initia- 
tive once again to the attack. 
' 13,45' Yesterday's plans, often do not fit 
today's problems^ and those who will not 
lift their eyes from the plans to take a 



hard look at rea|ity may be doomed to face 
disaster. 

,13.46 Anyone could produce a plan, for 
example to counter the Texas City disas-- 
ter now that it is history. The real trick 
would have been to plan for it before it 
happened as was done in South Amboy. 

4 

NOTE 

Remember, the^ difference between 
emergency and castastrophe is plan- 
ning! 

MONITORING STATION PLANNING 

13.47^If Mr. Jones, newly appointed 
RADEF Officer for th^ town of Anywhere, 
U^S.A., were to address himself to the 
question of planning for the monitoring 
^ network which he feels is necessary to 
* support his radiological defense effort, the 
logical starting point might well be. taken 
as the determination, in view of popula- 
tion^ and geography, of the total number of 
radiological monitoring stations he will re- 
quire. This may be logical but it is also 
wrongKThe correct starting point would 
be a careful perusal of RADEF plans aZ- 
ready in existence for his city or his coun- 
try or eVen his State. 

^13.48 Every State has an emergency op- 
erations plan already in existence. Some 
plans are better than others and, logically, 
some RADEF annexes to these plans are 
more Complete than others. But, in any 
event, before Mr. Jones does any planning, 
he should check to^see how m^ch planning , 
has already been done. If he disagrees 
with the plan, he has just discovered his 
real starting-point foir building; ur a. 
ETADEF capability for th^ town- of Any- 
where, U.S.A. 

13.49 But suppose, for- the sake of argu- 
ment, Mr. Jones found a well-conceived 
RADEF annex to his existing area Civil 
Preparedness plan, one which spelled out * 
requirements, locations, numbers of moni- 
tors and so forth fn complete and correct 
detail.. Suppose, further that he inherited 
a going monitor instruction prograJn, had 
all the equipment' he reqiiired-and had a 
lorfg waiting list of people begging him tor 
a chatice to be radiological Monitors. Give 



, him his full quota of monitoring staj^ons,^ 
all with. a protection factor of 100 plus 
twoway radios, air well as telephones. 
Would it be possible for him to still have a 
monitoring station problem in the midst of 

* airthis plenty? ' . 

13.50 The answer, of course, is yes. He_ 
would have a very definite problem in" 
spite of^all the RADEF assists spelled out 
above if he could . nj)t point to at least one 
more plus featiire, that of a functionin| 
program of instrument maintenanc^T^- 
pair a^d calibration. His other enviable 
RADEF assets would not count for 'much 
in an emergency if only, say^^:30% of his 
mowtoring equipmeht could be .either op- 
erated or relied upon. 

SHELTER MONITORING PLANNING 

13.51 AtiyAv^ere, U.S.A., has a suffi- 
cient number of .public shelters and the 
most marginaPprotection factor in any one 
of them is at Iea3t400. Adequate equip- 
ment is available and already in 'place in 
each shelter to permit it to perform its 
self-protecting monitoring function. Mr. 
Jon&s was pleased when he learned this> 
but he was doubly pleased when he also 
learned that there was no personner re- 
quirement for monitors, every shelter had 
its full quota. Now, perhaps, he can move 
to one of his other RADEF problem areas? 

13.52 If he does move away from shel- 
ter monitoring at this point, he could be 
Inaking a very , big mistake. The availabil- 
ity of a^ facility, the required equipment 
and the personnel to operate it are all 

, essential ingredients to a RADEF capabil- 
ity, true enough, but they are not suffi- 
cient to guarantee it. A fourth factor is 
reqiiir^, an all-important-factor, and .that 

*is traiiimal 

13.53 But let's say that Mr. Jones in- 
vestigates and finds that his local plan 
calls for a systematic series of field exer- 
cises on a ^e|:ular basis. One exercise se- 
ries ha& just concluded and every single 
monitor passed with flying colors. They 
demonstrated a firm gra*sp of reporting 
requirements. Surely, this would indicate 
that training is maintained at an ade- 
quate ley el. 



^ ' 13.54 Yes, it does,' but only if Mr. Jone? 
wants %o ignore the p^otejiti'al need for 
performing tasks outside ahelters. We can 
be reasonably sure he won't, though, be- 
.cause he recognizes there is more to moni- , 
toipng than just taking readings and re- 
porting them. We can rest assured that 
tlun^r. Jonjes will see to it that his plan 
provides^ Tor adequate and continuous dis- 

, semination of such important instruction. 

EMERGENCY OPERATING CENTER 
PLANNING ^ 

LOCAL AKEA^ 

13.55 By the time he began to review or 
prepare the portion of the local planvwhich 
deals with his jown E06, Mr. J^»e s\ had 
learned quite a few lessons about n(5fleav- 
ing anything to chance. He approached 

^this task carefully and thoughtfully, mak- 
ing certain, first of ali; that the .selected 
facility was adequate both from the stand- 
point of sufficient space as wellas suffi- 
cient spag^ for the'dlsplay of RADKF data. 

13.56 Further, he made sure thrat there 
would be .provision for an ^dequaxe staff of * 
plotters 'and analysts as well as communi- 
cation personnel, When he realized that 
these people had to be trained, provided 
with forms, pencil?^ paper, pencil sharpe- 
ners, food, water, etc., etc., hejbegan to 
worry about the.size of the job which faced 
him as RADEF Officer. , 

13.57 One night he sat bolt uprigl^t in 
bed with the shocked -realization that al- 
though he had taken care of all of these 
^many items in his EOC planning, he did 
not know the protection 'factor of the ^ 
building which would house the center! 

13.58 *He had, h^ realized, just taken j 
the appearance of Ihe building at its face * 
value and assumed that^its protection fac-* 
tor would be satisfactory. recognized 
the .enormity of his mistake immediately 
and lost no time the next day before ask- 
ing and learning that the protection factor^ 
was more than adequate (much to his re- 
lief). 

13.5$ But he did not recognize his rea^ 
mistake until it was pointed out by his 
wife when he told her what had happened, 
or rather, what could have happened. 
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"GdDrge/' she said, "it's simple. You need 
an assistant and that's all there is to iU" 
She was right, of course, because George 
-Jones had made ^ very human mistake, 
one which is not confined to the ^anks of 
Radiological Defense Officers either. He 
had simply failed to notice the point at 
whiijh he was "spreading himself too thin" 
and his RADEP plan encompassed more 
area than one man could handle. 

13.60 While in the State capital on a 
business trip, George Jones dropped in on 
the State Kadiological Defense Officer to 
reff^ ^h'eif' acquaintance and in the 
course of their conversation told him how 
Veil Fretf" Green, the new Assistant 
RADEF Officer for Anywhere, U.S.A., was 
^ working o\it in the job. He mentioned the 
series of events which had led to the ap- 
pointment and was intrigued to hear the 
expression, "unmanageable span of con- 
trol," \x$ed in reference to his problen^. 

* 13.61 It was an exceptionally apt de- 
scription, he concluded as he drove home 
thati evening, and this set- him to thinking 
in terms of the- span of control of his own ' 
local RADEF organization. He had dis- 
cussed "span of control" (akthough not in 
such a precise term) sufficiently with Fred 
Green to assure hin^self that it did not 
ppresent a problem to their organization. 
As he turned into his driveway, however, 

-he was^struck by the sudden thought that 
this comfortable situation might not be 
tn^e of the County Emergency Operating 
Center to which his organization reported. 
He decided to look into the matter further 
at his. earliest opportunity. 

13.62 Three months later, the Any- 
v*eire, U.S.A., Emergency Operating Cen- 
ter was duly, entered in the State^ Civil 
Defense Plan and all other supporting doc- 
uments. George's suspicion had proved to 
be correct, something that the County 
Ciyil Prepfaredness Cbordinatpr had been 
thinking of himself for some time. He had 
recbgnized^that the analysis load thrown 
on his own RADEF organization would " 
Simply' be- too large to handle if -an emer- 
gency 5fHofild occur during the evening 
hours, a; time when the bulk of the populii- 
tioW Irt tbe cpiinty had redistributed itself 



into a series of small suburban communi- 
ties, e?ich with its own littie EOC: 

13.53 In -explaining- his situation to 
George Jones, he ruefully acknowledged 
that all initial planning had been based on 
the concept of a daytime emergency and 
for many months no one /bad thought to ex- 
amine the county RADEF setup in terms' 
of how it would function in the evening 
hours. He went on tp point out that the 
mistake had been uncovered, interestingly 
enough, throi%h the reappraisal of appar- 
ently in^quate means, of alerting certain 
key operating personnel during the eve- 
ning hours. This had led, in turn, to the 
interesting discovery that a surprising 
number of his volunteers had accepted 
equivalent! assignments in their own home 
communities, some of which were afe far as 
twenty-eight miles away from 'the county 
seat. The County Cooi;dinator ^acknowl- 
edged that all of these people had advised . 
his\ office of their decision and, further, 
that his office liad complete records of* 
these facts. When his secretary had cas- 
ually mentioned that they seemed to be in 
for a rough time if an emergency should 
ever, start in the evening, though, he Sud- 
denly realized that hisx fine daytime 
RADEP organizationwould be a desper- 
ately overworked gfmtpif it ever had.to 
commence functioning daring the night. ' 

13.64 A^ he worked with GeorgJ Jones 
on the nevlr plans which called. for several 
of the newer local EOC's to report to t^e 
Anywhere, U.S.A., Area Emergency Oper- 
ating Center rather thVn to the County 
EOC, the phras^'^'reS'uce the span of con- 
trol to .manageable proportions,'' was 
heard over and ov^ again because it is ' 
such an apt expression of the purpose of 
an area EOC. 

13.65 Geprge Jo'^es realized, that the 
work he had dorxe with the County Coordi- 
nator would be extremely worthwhile for 
the county as a whole eve* though it/ 
meant that his own RADEF organisation 
was^taki;ig on a substantial added respoW 
sibility in receiving, .^nalyzing,*sximma^il- 
ing and reportinjc^the additional' dat^- 
which the sev^ValTo'c^l operating centers • 
jvould be sending in. Jn view^of ^the 
changed situation, he knew that his own, 
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personal span of control ^nd Fred Green's 
as well had both been stretched past the 
danger point and something would have to 
- be done about it. He and Ffed would havej 
to review their entire tables of organiza- 

. tion as well as all their^initial plar^ning 
concepts. Undd^ubtedly, at least one) new 
assistant would be required, perhaps even 
two. **One thing is captain/' thought 
Gegrge Jones, "if I have to make mistakes 
in this RADEF work, at least Tm going to 
make new mistakes!'' 
.. .. .13*66 -The Couiity.Xoordinator reflected 
that the new plans growing out of his 
efforts with George Jones were a big help 
in more ways than one. Now he had more 
time to devote to an item which- he had 
never felt was all It should be, specifically, 
the county's radiological monitoring net-T 
work. There was a -perfectly adequate 
, number and distribution pf urban monitor- 
ing stations, true enough', biit he was not 
completely satisfied with his setup in rural 
andjmobile monitoring. After all, the prob- 
lems of a county EOC could be consider- 
ably more complex than those of a local 
EOC in that county-type RADEF prob- 
lems had to be approached from the stand- 
point of area as well as population. Al- 
though thisc^mW be true for a local EOCIf*^^ 
v/aB always tr\xe fox a county EOC. ^ 
' 13,67 The more Ji^thdught about it,. the 
more the County^Coordinator was con- 

/ yinced .that a county EOC was^practically 
a State EOC on a sm;aller scale. 

13.68 He was certain, foY instance, that 
the State Civil Prepjaredness organization 
had iin easfer time with maps th^n he did 
beckuse ,tHe Highway Department had 
complete up-to-the-minute information on 
every road in the State, all new construe- ' 1 
tion, road conditions, etc, etc. As a matter I 
of fact, 'jthe'Coufity Division Office of the 
Highway Dep.artment fwhich was located 
' just down .th0 hall from, his own office) was . 

^''^the proud'possessor Vf one of those master 
maps that t^e State used in itsJiighmy 
#naintenan6e and Qonstructioft progi*am,it . ^ 
was a re^it beauty, showed.eveirxthing that - 
^ anyone could* possibly .want t'p know about 
roads tn, th.e State/ A'r^d it was so rh^cff^^ 
iJetter tKan the mapdl fchat.%he a^dlliis 
O He moiiitors >yere ^sihg. ^ . . , * . 
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13.69 **Just a minute!" he thought, 
"Why not u^e that big camera over in our 
County Records Section and make copies 
of their map for ourselves?'*! • | 

13.70 The more, he thought about the 
idea, the vbetter he liked it. In the first 
place, there simply wasnt any better map 
available anywhere, either in or out of the 
State. Second, he ticked off, it will be 
maintained by an outsfd^^^ffeaiiization 
and every time a major change occurs, a 
new set-of*maps can be produced in jiist a 
very few minutues. Thirds .he realized, it 
would be an invalual)le addition to the 
resources o^his operations center. He de- 
cided to lose no time in^ putting his plan 
into effect. 

13.71 When the first copies of the State 
Highway Departm^t's map were deliv- 
ered to hia office, the County Coordinator 
lost no time in looking them over. He 
decided that the qualify of reproduction 
was very good, that the 'maps would fill his 
requirement perfectly. Inspecting the 
maps a little more closely, he noticed that 
the span of roads which would connect 
with the new bridge to be built in a neigh- 
boring couaty were just about complete, 
even though work h'ad not y^ begun on 
the bridge itself. He was rpninded of sT^ 
conversation he'd had with George Jones a 
few days beforein which George had been 
te'lling him what a boon the new bridge 
would be. George, had mentioned that his 
delivery trucks had a choice whenever 
they had a stop to make in the next 
county. They could drive ten miles upriver 
on a road that was only fair to get to the 
closet bridge or ^ey could <^rive .eighteen 
miie« downriver on a very good road land 
make their crossover there. The nqw 
bridge couldn't go up too sODn, as^ far as 
George Jones was concerned, 

13.72 A sudden thought hit the Counlly 
Coordinator. ' j ' 

13.78 He never could think about 
Geo'i'ge Jones very much without also 
thinking aboxit "'span of contror* which 
always led him, in turn, to consider 
Qeorge's area' EOC and how well the plan 
was working out in actual practice. Tl^e/ 
words, "area EOC" and the fact that hd 
had just'beeri thinking about bis mobile 
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monitoring a few seconds before were the 
two things that sparked idea. He 
looked at the map once more. There it was! 

13.74 If George, Jones' trucks had to 
travel either ten orleighteen miles to'cross' 
^ the rivdr, why thfen so would the mobile 
i^ionitonng teams sent out by the County ^ 
Coojhi(rT9|for of the next.coun^y! 

J3.75 "But if the area on our side of the 
river were to be monitored by our own 
teams," he muse4,%"then our neighbors 
wauldn't have to make those ior^ trips 
just to get across the river. Vfe'r^alHady 
across the rjver as far as they are con- 
cerned. Whyi couldn't we take this.^rea 
over ^nd monitor it for them? -ff we' did 
take over, our crews would be receiving 
only a fraction of the radiation exposure 
which their crews would be getting!" 

13.76 Little did the County Coordina- 
tor, realize that his idea would produce 
the first sub-state EOC in his state and, 
further, that his own county E06 would 
become it! He couldjsee the basic reason- 
ing behind the move, however, once it had 
^ been explained to him because, after ali; 

Would be taking <>ver just about half of 
the ar^a monitoring work of the neighbor- 
ing county an'd so might"'as well take-over 
ar% RADEF control as well. He had been 
a little skeptica4 abotit the manpower re- 
quirements represented by the new re- 
sponsibility, but was pleasantly surprised 
^ to learn that he would be getting a b'oost ' 
froln the State *EpC in the: training of 
additional monitors because the State cen- 
ter expected ta have him^TSlfe^-ever addP 
tional area -responsibilities as soorv^^Tlie 
was organized to handle them. ' 

^, * , 

13.77 <*One lesson I've- learned from 
this," he told>George Jones when describ- 
ing the new RADEF plan to him later on, ' 
"is that you never c^ really fo|i|et about 
that 'span of control' Mea that you were 
the first to point ou£ tb me. Even though 
this latest move had ks beginning idea 
completely outside suchTa concept, it was 
still a cas^ of reducing the span of control 
to manageable proportions, at least so far 
as the State^*OC was concerned." 



STArt EMERGENCY OPERATING CENTER 
PUNNING . * 

13.78 Spme weeks later, the State Ra- 
.diological Defense Officer droppe^Kn on 
^ the County Coordinator to see how his new 
Substate^OC planning was shaping up. 
He was, of course, particularly interested 
in any RADEF developments which might 
be of use to him in his role of RADEF 
advisor to other EOC's .within the State. 
He didn't really expect to pick up anything 
so far as his own operation in the State 
- EOC was concerned because, after all, it 
had beM a going concern for at least 2 
years ai(d a great deal of time and talent 
had been devoted^to iVidking it so. 

13.79 ^ As the County Coo/^inator was 
showing him the new setup, he noticed two 
transparent plastic panels which had been 
vertically mounted on sturdy pairs of legs. 
The panels, were pushed back in a comer ' 
out of the way and were apparently with- 
out any use that he^cou(d discover.vHe 
inquired about them. 

13:80 "Oh,, that's my own, personal lit- 
tle br^in^-ch^d," said the County Coordina- 
tor, "and I dbn*t mind telling you Fm sort . 
of proud of it, too, eve^n though I don't 
know-anyone whoTises a similar system. 
;.You see, I was having some real difficul- 
ties in the.triaLruns we^had heli-here 
insqfa^^ as using the information we had 
plotted and analyzed. Th%re was too much 
confusion in trying to maintain a.current 
display of the RADEF situation while it 
was in use by the director and members of 
his staff. 



13.81 "These plastic p^nels\re the an- 
swer to the problem," he w6nt on.. "Tomor- 
row moVriing, a man is coming in to paint, 
the outline of our control area, plus the 
major features such )a& roads, the river, 
and so forth, oh each panel, in an actual 
e^^ercise, the panels will be out in the 
center of our operating area so th^t ever-/' 
yone who has to can see them. Our Plot- 
ters will use gi-ease pencils and, writing 
backwards, will spot in e^iposure informa- 
tion on one and exposure rate information « 
^ on the other. ,Our Analysts,'^ hei!oritinued, 
"will be in front-of the panef^ and they will 
also use grease pencils to draw in contours 



as vfell add ajiy other information 
which Wemight need in a graphic form. Of 
course there are many ways to display the 
data and this only represents one way." 

, 13.82 "Say, now " exclaimed the State v 
RADEP Officer, "this is really something: 
As a matter of fact, I think I might even 
become the' first official thief of your idea 
because it strikes me as a refinement 
worth introducing into our State EOC! 
You can appreciate how much I need such 
a system if you need it to control apiece of 
the total area that I have to worry about. 
It just goes to. show that no plan is ever 
really final and that includes first of all, 
our own State Plan.'' 



ONE FINAL WORD 

13.83 Noi operations plan, however 
sound in concept and complete in detail, is 
of much value if it is untested or untried. 
The readiness posture of a plan is meas* 
ured by its ability to he implemented. 
Therefore, each operational plan should be 
subjected to one or more tests as a part of 
the planning cycle. Plan tests should be 
made as realistic as possible, and.each test 
should be^valuated by qualified observers 
as well a^s by the participants. Following 
the test, an evaluation report shoulcf be 
made. The report and evaluation shoula be 
used as the basis for revision and the start 
of a new planrj^ng cycle. 
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CHAPTEK 14 



'PAPER PLANNING" OR REAL RADEF? 



To implement the RADEF plan, of 
course, a variety of elements is required. 
It is necessary to have equipment and a 
facility in which to store and use it; that 
much certainly is obvious. Further, the 
equipment and the facility cannot do much 
by themselves, putting them to use takes 
' people, sometimes a rather large number 
of people, to say nothing of money. And, 
finally, these people must have some idea 
of what they are to do or else the equip- 
ment will remain inert and the facility will 
be without purpose. This is justj another 
way of saying that RADEF persohnel need 
training. 

But what should come first, where is the 
starting point? How can you tell when you ^ 
Have ar balanced RADEF team? How do you 

'^maintain a RADEF capability once it is es- 
tablished? And so forth. 

The objective^of this chapter, then, is to 
put these various essentials of an effective 

^ADEF plan inter th^lr proper i^rspective 
... to demonstrate what is necessary to 

• breathe life into a paper plan and turn it 
intD an honest-to-goodness RADEF capa- 
bility. 

INTRODUCTION 

14.1 We saw in Chapter 13 that planning 
can spell the differen^te between an emer- 
gency which is ^promptly dealt with on a 
systematic basii and, on the other hand, 
an utter catastrophe. We saw that plan- 
ning guides us to the best use of 'all availa- 
ble resources, and, ultimately^ helps save 
lives. We saw that effective planning re- 
quires organized, equipped, trained per- 
sonnel as an essential ingredient. We be- 
gan to see^thdt all this requires money. 

14,2' Now we are ready to break this 
planning ingredient down into its essen- 
tial "parts/ These are the basjc tools of • 



RADEF planning and an effective 
RADEF organization. There are four of 
them. 

EQUIPMENT— FACILITIES— PERSONNEL- 
TRAINING 

We will examine these four items in 
sequence in this chapter. As we do s^, it 
would be well to remember that these 
requirements do not come from insi>ira- 
tions or visions. They come, instead, as a» 
result of tlje- planning procjess which is, in 
turn, a two-step procedure.^ 
* 14.3 To repeat our summary of these 
two steps, the first consists of the estab- 
lishment of some reasonable, sensible, 
well-thought-out, practical assumptions. 
The second step is^Qne of meeting these 
assumptions with reasonable, s'ehsible, 
well-thought-out, practical answei:s. 

'EQUIPMENT \_ 

14.4 In considering the question of ra- 
diological instruments and equipment, it 

' immediately becomes apparent that one of 
the first que^Ions to be answered is, 
*'what kind and how much?*' as well as'; 
**where can we get it?" 

14.5 To answer the last question first, 
the Defense Civil Preparedness Agency 
has made radiological equipment available 
to the States through their duly consti- 
tuted Civil Preparedness organizations. 
This is a "through official channels" type 
of exercise and therefore a detailed pres- 
entation of , the fifty diffei-ent channels is 
obviously outside the scope of this discus- 
sion. 

14.6 Although a detailed answer to the 
first question in paragraph 14.4 is evern 
further outside our scope, it is neverthe- 
less possible to demonstrate an important . 
point about RADEF planning in offering a 
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• 'comment on it. Specifically, the answer 
should lie in ]/our own plan or its RADEF 
annex and, if it do6s not, then thai plan is 
drastically in need of additional work!, 
"^14.7 Thf*fact that such an" a^pswer 
should be found in an existing plan also 
highligl;^ts another feature of planning. 
The elements of a plan are }nterdependent 
and interrelated if the plan is a good one, 
and further, if any one of these elements 
should change or alter in any^way, such a 
change should be the signal for a reap- 
praisal and possible revision of the plan. 

14.8 In considering equipment require- 
ments for a particular radiological defense 
area, it is important to remember that this 
does not merely mean operational equip- 

. ment but, in addition, includes training 
equipment. In this regard, an individual 
respSnsible for a DCPA Training Source 
Set must- hold a Byproduct Material 
.User's Certificate from his respective 
.,State«/» And here, incidentally, is further 
pro/>f of the interaction of ostensibly sepa- 
rate elements in the RADEF plan. 

14.9 Not only is the RADEF Officer re- 
sponsible for obtaining the required opera- 
tional equipment and making sure that 
sufficient training equipment is available, 
he i& also responsible f9r mai|itenance. To 
this. ^Mra- "chief -TOonitor'' sHbuld bt*ap- 
jlointed for each monitoring station. Fur- 
ther, supplementary instrunftents might be 
reasonably requii*ed and it is up to the 
RADEF Officer to determine if this is the 
case as well as to prepare the necessary 
justification to obtain then|. 

FACILITII^ 

14.10 If a RADEF plan is to be capable 
i of* execution, there must [be a sufficient 

number of radiological monitoring stations 
.and communications over which they can 
make their reports. The RADEF Officer is 
responsible for converting a number on a 
piece of paper (the local area RADEF 
- plan) into a real monitoring and reporting 
network. 

14.11 Sinpe this monitoring and report- 
ing network! will not be worth much with- 
out a place to receive such reports, this 
leads thejRADEF Officer next to the facil- 
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ity for his local EGG. He must also hav« ^ 
radiological monitoring for community 
shelters under close control. While spme of 
these community belters might presum- 
ably be a part of his regular monitoring % • 
network in addition to their mission of * 
RADEF protection for the shelter, others 
will not. But in any event he will be re- 
sponsible for th^ adequacy of the facility 
insofar as it concerns afiy aspect of 
RADEF. 

14.12 Protection factor is, of course, of 
paramount impVtance in determining the 
suitability of a RADEF facility and this is 
another area for which the RADEF Offi- 
cer is responsibe. He must assure himself ^ 
that each facility which has been mapped 
in as a part of the RADEF operation has a 
sufficient protection factor. In addition to 
protection factor, an important^eature ofL^ 
such facilities will be their ability to fit 
into the locaj communications plan. In 
other words, each facility which is selected 
and added to the overall RADEF network 
must be capable of carrying out its*as- 
signed function while simultaneously per- 
forming the vital task of self-protection. 

14.13 Before leaving the question of fa- 
cilities, a word on arrangements for emer- 
gency food and water for monitoring per- 
^rniel would beiti order. ""^^ . | 

14.14 Food and W^ter stocks, it could be * 
claimed, dre not realH a part of the consid- 
eration of a facility. It could be argued 
equally well that food and ^ater are cer- 
tainly not radiological ^'equipment". The 
px)int is, however, no matter what label is 
placed upon these two commodities, hu- 
man beings cannot exist or function very ^ 
long without either one. Thus it behooves 

the RADEF Officer to make certain that 
his facilities have adequate stocky of these 
items. " ' 

PERSONNEL \ 

14.15 One of the largest contributing 
factors to RADEF personnel requirements 
is found in the radiological monitoring net- 
work. 

14.16 Once again, the particular local 
Civil Preparedness plan or its RADEF an- 
nex should provide the explicit answer to 
this^ question and, if it does not, the prob- 
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lem is not one of the monitormg network 
but rather one of coiftpleting the plan first. 
Although the final answer fo this question 
^ rmj3t remain a local one to be based upon 
population, industrial distribution, geog- 
raphy and the like, there are, neverthe- 
less, certain criteria which can be used. 
Federal and State governments period^ 
cally issue guidelines on the number of^ 
monitoring stations needed in rural and 
urban areas. This information should be 
considered only as a starting point in evaN 
uating the RADEF inonitoring network 
requirements because final answers will 
always depen^d upon the individualities of 
the particulai* local area in question. 

NOTE I 

Do you think in terms of so many men 
for this job, so many men fop that one, 

jorthf If you do, then .... 

^ STOP WGHT NOW! 

'^Jtere are millions 6f intelligent, sin- 
• cjere, ^capable women in our country. 
There are undoubtedly thousands 4n 
your own RADEF area. Be sure that 
you remember this in your planning 
and personnel recruitment actim- 
ties!!! . . 

14.17^ As a general rule,''RADEF per- 
sonnel should be selected priifiarily f ro_0: , 
State and local government employees. 
This will provide all the advantages of., 
working on the basis of an existing orgaVlV 
zational framework. For monitors, it is 
suggested that frremen. State highway i)ar 
trolmen, highway .maihtenan'ce personnel, ' 
thdir auxiliaries and their reserves'be se- 
lected for training. Further, radiation, 
monitoring should be included as a pait of 
fhe basic training for all, new recruits in 
these services and refresher monitor 
training should be routinely scheduled for 
all personnel. To supplepient this initiWl 
cadre of monitoi-s,* high school and college 
science teachers*, selected State, county,* 
and municipal employees in the engineer- 
ing, sanitation, welfare>*^nd health serv- 
ices could also be selected- for monitor 
training. ^ p * - 

; 14,18 In areas where monitoring sta- 
tions have been establfshed in industrial 
plants, hospitals, commercial bj^ildings 



and/other facilities which have an 
quate protection factor, appropriate per- 
sonnel who are normally, employed at 
these facilities represent anothek- excel- 
lent source of monitors. 

14.19 In rural and suburban arel^ 
where a home shelter may have been 'des- 
ignated as a part of the monitoring and 
reporting system, members of the family 
who will occupy the shelter should, if pos- 
sible, be recruited as a part of the.RADEF 
organization. ^ i 

14.20 Oi^ce again, since a l^rge cadre of 
monitors will be needed, the selection of 
personnel for training should be fairly 
broad. Remember that women; as .well as 
men, can perform a very significant role in 
monitoring, and certainly should not be 
overlooked in any recruitment effort. 

14.21 "^or deconFanmiation training, se-*™^ 
lection of key personnel should be primar- \ . 
ily among the fire, sanitation, ifublic.works 
and engineeripg services. However, selec- 
tion should al$o be extended/to those per-* - 
sonnel who operate street sweeping, and 
flushing equipment, road graders, scrap- ' 
ers, and earth moving Aand:aemolition 
equipment. .;§election.<>JF^.sucKp5ey person- ^ 
nel will Ije from Statjie; county/ and munici- 
pal ^mploy€f^,^but's'houra*also1)e'exteiTaf^lr 
to others, luch 'as highway constructipn 
contractors, since mbst of the equipment ' 
needed for decontamination work will be 
fodhd in thes6 areas to say nothing of a , 
r$ady. source of personnel trained in its 
use.- ~ ^ - - 
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TRAINING . 

14.22 There are two basic areas of 
training, the training of monitors and the\ 
training of the RADEF staff. T^e latter is 
of particular importance. for it is impera- 
tive that the leadership staff be provided . 
in order to form a seed-bed for providing 
further training to other personnel. 

RApEF OFFICER AND RADIOLOGICAt 
MONITORING FOR INSTRUCTORS 
TRAINING \ 

14.23 Local and State jurisdictions" 
have the responsibility for obtainihg 
trained Radiological Defense Officers. 



Upon completion of his training, the 
RADEF Officer provides instruction to the 
people who have been selected for his 
RADEF staff and^the monitors needed m 
•his commt^nity. • ^ 

14.24 Be'^sure you don't overlook the 
resource represented by the capabilities 
existent in the Armed Forces tb supple- 
ment monitor training resources. 

14.25 As-monitprs are trained, the 
RADEF Officer should assign them to a 
specific monitoring station for operaMDnal 
purposes. Generally, monitors should be ' 
assigpied to facilities which are near where' 
they normally work or^eside. Each moni- 
tor wiirbe ordered to report to his desig- 
nated shelter or monitoring station in an 
bmergency. All monitors should be in- 
structed to find 801716, shelter in the event 

--they •eaniw>t^ reach their assigned station.' 
In addition, provision must be made^ for 
the families of moi^itors, both as a morkle 
,factor and also by way of avoiding^ossiole 
confusion during an e^nergeni^. 

14.26 Upon completion of- his training, 
each monitor will be fumfshed a HAND- 
BOOK FOR RADIOLOGICAL MONI- 
TORS, J]^(1tB^.9 containing detailed in- 
st^iJcfions tot rtiqgitoring and reporting 
operations as well as special instructions 

-^-^jgpnc^ning his responsibilities for dealing ^ 
with rotftine and emergency radiation con- 
ditions. DCPA will provide these manuals 
for distribution to the monitors. 

14.27 Continuing training of monitors 
to provide for personnel attrition and re- 
fresher training of monitors on an annual 
tp 6 months basis should be arranged for- 
by the loc'al RADEF Officer. ^ ' - 

14.28 The following paragraphs provide 
a summary of some important points for*' 
persons concerned ' with establishing* 
RADEF training progr^s, either for ra- 
diological monitors or for the RADEF 
staff. 



TRAINING REQUIREMENTS 

14.29^ The first step is to find out what 
Tieed in the way of training. We must 
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determine how many monitors we need. To 
do this it is necessary to analyze the local 
RADEF plan since training requirements 
will stem from the assessment contained 
in the plan. (If no plan is available, 40ne 
should be developed first.) 



RECRUITMENT OF RADEF PERSONNEL 



14.80 After we have found how many 
trained personnel are needed, it will be 
necessary to recruit the manpower for 
training. By far the best sources will be 
full-time municipal, county and State em- 
ployees. Since they are also one of the best 
sources for Civil Preparedness personnel 
other than RADEF, coordination will be 
necessary to avoid conflicting assign- 
ments. Another possible difficulty is that^ 
RADEF activities have no exact counter-, , 
part^4n^-existing-^<)5rernments. In ^he^, 
words, the 6ivil Preparedness plan which 
fits the police fdrqe'into the Jaw and order 
role or the sanitation department into the 
decontamination role ^UJ^ing ,an emer- 
gency will not find a ready-made govern- 
mental activity whtch^iits RADEF activi- 
ties. , 

, NOTE 

} 

It }8 important^ both for motivation 
and realism in traiViing, that the stu- 
dent have an\ssignment based on the 
RADEF plan BEFORE he begins 
to undergo training/ 



TRAINING LOCATIOtJ 



14.31 The courses shopld be taught in 
locations convenient for tl» swdenub — ' 
since matiy will presumably be volunteers, 
it is doubly important that all impedi- 
ments to training, such as distant places 
^nd inflexible or inconvenient class hour^» 
be removed. If (Jn-the-jpb trailing can be, 
arranged #with local government authori-' 
ties,*^ this will materially aid in the rapid 
trairimg^^jr^9nitors and others. 



TRAININ.6 LOGISTICS 

14.32 It Js important that training 
equipment be ordered at the earliest mo- 
ment after training requirements are de- 
termined, and that the necessary user per- 
mits needed for handling Training Source 
Sets be applied for. The Defense Civil Pre- 
paredness Agency provides a "Radiologi- 
cal Monitoring Training Package," K-24' 
which includes an Instructor Guide, and 
supporting visual aid material. This, too, 
should be obtained without delay and in 
sufficient quantity. 



TRAINING ASSISTANCE 




14.33 It is vital that liaison be estab- 
lished with all agencies, public and pri- 
vate, that can offer assistance in teaching 
or recruitment. Whatever instructor capa-^ 
bilities already exist on the local *level 
should be ap'praised and utilized. Find out 
from the already existing Civil Prepared- 
ness organization wh^trs^ availabk.'Othet 
cities' in yourfarea may have a fiflly func- 
tioning organization with a number of 
qualified instructors. There's no advan- 
tage in Agoing it alone" so, if you can get 
help from outside your immediate jurisdic- 
tion, don't hesitate to take it. After all, 
fallout win not recognize any boundaries. 

TRAINING METHODS 

14.34 As we have seeji, we are not 
training just for training's sake nor are we 
training to increase theoretical or aca- 
demic knowledge. We ^re training for spe- 
cific jobs. Hence, the selection of course 
content material should aim at: 

training to do a particular job 
training to instill de^^rable habits 
training to enhance operational knowl- © 
edge 

To achieve these ends, course material"^ 
should stress student participation. Pas- 
sive lecture methods should be avoided in 
favor of the active appiroach ^featuring 
demonstratfon, exercises, laboratory, and 
question and answer methods. Teaching 
aids, models, slides, films, vugra'phs, flan- 
. niel boards, and of^r visual aids should be 
nied when they support learning as an 



end in themselves. Incidentally, one of the 
mdst important things to do when using 
such equipment is to check %t out in ad- 
varice; be sure it works, and that you kriow 
howfta use it. 

TRlAlNING EVALUATION 

14.35 It is important that there be fre- 
quent tests of skills learned in the training 
courses. Such evaluation should be on pro- 
ficiency—through demonstration— rather 
than student reproduction of academic or 
theoretical knowledge. Mfike. it realistic 
should be the guide .to effective training 
and evaluation 6f such training. 

NOTE 

The best things in life may be free, but 
building and training a RADEF or- 
ganization is not! At any level of gov- 
eminent, there is a requirement of 
budgeting for RADEJF. DON'T FOR- 
GET.^- TO^ PUT RADEF IN THE 
BUb^ETJ • ... 1 

A BIRD'S-EYE VIEW OF RADEF 

14.36 It's no secret to anyone who has 
had any contact with radiological defense 
that, as a subject, it is technical and it is 
complex. Although a single individual as- 
signment can be presented in a relatively 
simple, straightforward manner, the sum 
of all such assignments covers a very wide 

; range of knowledge and presents a rather 
^complicated picture. 

14.37 This situation leads us to a single 
simple question, **Who will tie all these 
loose ends together?". We have radiologi- 
cal instruments, monitoring stations, shel- 
ter radioldgical requirements, training 
source sets, data to be plotted, curves to be 
drawn, reports to be received, reports to 
be sent, the list is literally endless and yet 
some sort of knowledgeable coordinationV 
must take place between all these facets 
and elements and bits and pieces. 

14.38 For the sake of argument, let's 
consider what would be necessary if we 
were to decide to go into a manufacturing 
business. Let's for example, make it furni- 
ture manufacturing. Immediately .we real- 
ize that we need someone who knows 
something about building furniture. This 



leads us to a conclusion that he should 
also know something about the wood and 
other materials which will be required, 
% where to find them and how to lise them. 
He must be aware of the availability and 
uses of a whole variety of special tools. 
And he must know a great deal more as 
well. We are aware of how foolish we 
would be to hire cabinet makers, salesmen, 
clerks, and so forth until we were certain 
we had our man who kneW the furniture 
manufacturing business. This example is 
so obvious it's almost ridiculous, isn't it? 

14.39 But it is not ridiculous when the 
radiological defense parallel is drawn be- 
cause it is surprisingly easy to become 
bogged down in the many technical consid- 
erations of RADEF work and, as a result, 
lose sight of a basic fact. That fact is: 

Monitors, facilities, instructors, in- 
struments, communications,, decon- 
tamination teams, RADEF plans'and 
all the rest of it do no^- constitute a 
radiological defense capability . . . 
unless ... 1 

RADIOLOGICAL DEFENSE OFFICERS 

are available to tie the package to- 
gether into the real countermeasure 
--^Tor survival that RADEF is meant to 
be. 

Just as most other facts can be ex- 
pressed in corollary ternis, this one 
can be given such expression wij^h 
equal ease. The corollary is: 

Provided that there are sufficient 
« RADIOLOQICAL DEFENSE OFFICE^ 

available, a radiological defense capa- 
bility is in process of building, regard- 
less of inadequacies in any other 
RADEF area. 

14.40 These facts can be expressed on a 
national scale as well as a purely local one. 
Our national RADEF capability requires 
facilities, monitors, instruments and many 
other elements of survival in .the nuclear 
alge . . . and must include a cadre of capa- 
ble, trained Radiological Defense Officers. 
With such a group, we can have a national 
RADEF capability but without it, never. 



RADEF OFFICERS ARE MADE, NOT BORNi 

14.41 There is no such thing as being 
appointed an expert on any given subject 
and radiological defense is no different 
from any other subject in this regard. The 
only road to becoming a Radiological De- 
fense Officer is study and training. ; 

14.42 But what about Joe Smith who 
has just received his doctorat% in, of all 
things, nuclear ^physics? Can't we at leaet 
recognize him as a Radiological Defense 
Officer because of his provable knowledge 
of atomic structure, fission, radiation, cur- 
ies and, things like that? 

14.43 No, we cannot recognize Doctor 
Joe Smith, nuclear physicist, as a Radiol- 
ogical Defense Officer unless he has been 

\ trained as a Radiological Defense Officer. 

14.44 The point may seem obvious but 
it is -nevertheless very well taken. Cer- 
tainly there is nothing wrong with' having 
a RADEF Officer who is also a nuclear 
physicist, no more so than there is any- 
thing wrong with having one who is a sci- 
ence instructor, industrial scientist, or an 
engineer, but none of these individuals will 
be a RADEF Officer until he has actually 
been trafned a^ such. 

14.45. Along ttiese general lines, it is a 
good idea to- remember that the DCPA 
courses which lead up to qualifying as a 
RADEF Officer have been developed with a 
view |;oward providing the technical infor- 
mation'which will be required to do the job. 
The individual Js, of course, expected to 
carry out a certain amount of independent 
study as well as keep himself up to date on 
the subject through continuing xylose 
contact via the channels of his own Civil 
Preparedness organization. 



IMPORTANT 

Our nation needs thousands of capa- 
ble, trained RADEF Officers . . . In- 
strutJtors can and will provide the 
training . . . the individual, however, 
must provide the capability^ 
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GLOSSARY 



A . 

ABSORBED DOSE: see DOSE, 

AFTERWINDS: Wind currents set up in 
the vicinity of a nuclear explosion di- 
rected toward the burst center, result- 
ing from the updraft accompanying the 
ri^e of the fireball.^ 

AIR BURST: The explosion of a nuclear 
weapon at such a height that the ex- 
panding fireball does not touch the 
earth's surface when the luminosity is a 
maximum (in the second pulse). 

ALPHA PARTICLE: A particle emitted 
spontaneously from the nuclei of some 
radioactive elements. It is identical with 

» a helium nucleus, having a mass of four 
units and an electric charge of two poi^i- 
tive units. See Radioactivity. 

AMBIENT: Going or moving around; also 
enclosing encompassing. 

ATOM: The smallest (or ultimate) particle 
of an element that still retains the char- 
acteristics of that element. Every atom 
consist^ of a positively charged central 
nucleus, which carries nearly all the 
mass of the atom, surrounded by a num- / 
ber of negatively charged electrons, so/ 
that the whole system is electrically^' 
neutral. See Element, Electron^ Nucleus. ► 

ATOMtC* BOMB (OR WEAPON): A term 
! sometimes applied to a nuclear weapon 
utilizing fission energy only. See Fis- 
sion, Nuclear Weapon. 

ATOMIC CLOUD: See Radioactive Cloud. 

ATOMIC NUMBER: See Nucleus. 



ATOMIC WEIGHT: The relative weight of 
an atom of the given element. As a basis 
of reference, the atomic weight of the 
common isotope of carbon (carbon 12) is 
takenl to be exactly 12; .the atomic 
^weight of hydrogen (the lightest ele- 
ment) is then 1.008. Hence, the atomic 
weight of any element is approximately 
the weight of an atom of that elemeni 
relative to the weight of a hydrogen 
atom. 

AVALANCHE EPFECT:^^The multiplica- 
tive 2)rocess in'^which a single charged 
particle accelerated by a strong electric 
field produces additional charged p^^xti- 
cles through collision with neutral gas 
molecules. This cumulative increase of 
ions is also known as Townsend ioniza- 
tion or a Townsend avalanche. Ava- 
. ^ lanche occurs in the Geigertube of a G& 
y-700?"^ 



• Whtn possible, (Jiifinitwns have been repnnted from the flossary of 
The Effects of Nuclear Weapons, February 1964. 
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BACKGROUND RADIATION: Nuclear (or 
ionizing) radiations arising fi:6m within 
the body and from the surroufndings to 
which individuals are always .exposed. 
The main sources of the natural back- 
ground radiation are potassium-40 in^ 
the body, potassium-40 and thorium, 
uranium, and their decay prodiicts (in- 
cluding radium) present in rocks, and 
cosmic rays.^ 

BARRIER SHIELDING: Shielding gained 
by interposing a physical. barrier be- 
^ tweeJT a given point and radiation 
source. 

BETA PARTICLE: A charged particle of 
Very small mass emitted spontaneously 
from the nuclei of certain radioactive 
elements. Most (if hot an)iof the direct 

Its 



fission produQj:^ emit (nej|ative) beta 
particles. Physically, the beta particle is 
identical with an electron moving at 
higrh ^velocity. See Electron, fission 
Products, Radioactivity: ^ • 

BI^fDING ENERGY: The tremendous en- 
I ergy which holds the neutrons and pro- 
tons of an atomic nucleus together. 

BIOLOGICAL DOSE: See Dose. 

BLAST WAVE: A pulse of air in which the 
pressure increases sharply at the fronts 
accompanied by winds, propagated con- 
tinuously frojTi an explosion. See Shock 
Wave, 

BODY BURDEN: The amount of radioac- 
tive material in the body at a given 
time. 

C 

CALJBJlATIONr- Determination of varia- 
tion in accuracy of radiological instru- 
ments, Radioactive sources are used to 
produce knpj^n exposure rates at speci- 
fied distances. The variation in accuracy 
of a radiological instrument can b^ de- 
termined by comparing it with these 
known exposure rates. ^ 

CHAIN REAi^IONv When % fissionable 
nucleus is split h}^ a jpeutron it releases 
energy: any one or more neutrons. These 
in turn split more fissionable-nujclei re- 
leasing more energy and neutrons, thus 
making the process a self-sustaining 
chain reaction. 

CHROMOSOME: One of the! particles into 
^which a partion of the celf nucleus splits 
Up f>rior to cell division: assumed to be 
determinants of species and of sex. . 

CLEAN WEAPON: One in which meas- 
ures have been taken to reduce the 

^ amount of residual radioactivity rela- 
tive to a **normair weapon of the same ' 
epergy yield.- ^ ^ 

COMPTON EFFECT: The scattering ol 
photons (of gamitia or X-rays) by the 
orbital electrons of atoms. In a'collision 
between a (primary) photon and an elec-' 
tron, some of the energy of the photon is 
transferred to the electron which is gen- 
Id^ 



'erally ejected from the atom. Another 
(secondary) photon, with less energy, 
t-h^n movegr.off inl^^ new direption ^t an 
ar^gle to -tlte direction of motion of the 
primary photon. 

CONTAINED UNDERGROUND BURST; 
An underground detotiation at such a 
depth that none of the radioactive resi- 
dues escape throu#i the surface of the 
ground. / 

CONTAMINATION: The deposit of radio- 
^ active material on the surfaces of struc- 
tures, areas, objects, or. personnel, fol- 
lowing a nuclear explosion. This mate- 
rial generally consists of fallout in 
which fission products and other 
weapon debris have become .incorpo- 
rated with particles of dirt, etc. Contam- 
ination can also arise from the radioac- 
tivity induced in certain substance^ by 
the action of neutrons ^from a nuclear. 
exfHosion. See Decontamination, Fal- 
lout, Induced Radioactivity, Weapon De^ 
bris. 

COI^AMINATION CONTROL: Action to 
prevent the spread of fallout aftd reduce 
contamination of people, areas, equip- 
ment, food and water. 

pbsmC RAYS: Very high energy particu-''^ 
late^ (particles) alid electrom^netie 
(rays) radiations \Yhiph originate out in 
sp^ce- and constantly bombard the 
earth. 

CRITICAL MASS:; The minimum inass of 
a fissionable material! that, will just 
maintain a mission chain reaction under 
precisely specified Conditions, such as 
the nature' of the material and its pu- 
rity, the nature and' thickness of the 
tamper (or neutron reflector), the den- 
sity (or compression), and the physical 
shape (or geometry). For an explosion td 
^ occ^ur, the syster|) must be supercriticail 
i.'S., the mass^^f material must e'Kce^i 
the critical mass under the existing 
conditions. See Supercritical. 

CUKlE (Ci): A unit pf radioactivity; it is 
the quantity of any radioactive species* 
in which 3.7OO x 10*^"riuclear disintegra- 
tions occur , per second. The GAMMA 



CURIE is sometimes defined corre-- 
spondingly as the quantity of material 
in which this number of gamma-ray pho- 
tons are emitted per second. 

CYCLOTRON: i^pp^patus which ob- 
tains high-energy electrically charged - 
particles by whirling them at immense 
spee.ds in a strong magnetic field; used 
especially to create artificial radioactiv- 
ity; an atom smasher. 
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DAUGHTER PRODUCT: The product (dif- 
ferent element) formed when a radioac- 
tive material decays. Some radioactive 
elements will form many daughter prod- 
. ucts during their decay to a stable'state. 

DECAY (OR {radioactive DECAY): 
The decreasfe in activity of any radioac- 
tive material with the passage of time, 
due td the spontaneous emission from 
the atomic nuclei of either alpha or beta 
particles, sometimes accompanied by 
gamma radiatfon. Se^ Half-Life, Radio- 
activi^j , ^ 

DECONTAMINATION: The' reduction or 
removal of contaminating radioactive^ 
material from a structure, area, object, 
(or persbn. Decontamination may be ac- 
fcomplished by/(l)' treating the surface so 
as to remove decrease the contamina- 
tion;^ (2) letting the material stand so 
that the radioactivity is decreased as a 
result of natjiral decay; and (3) covering 
the contamiiiation. 

DEUTERIUM: Ah isotope of hydrogen of 
mass 2 tinits; it is sometimes referred to j 
as heavy hydrogen. It can b^ used in ! 
thermonuclear fusion reactions for the 
release of energy. Deuterium- is ex- 
tracted from water which always con- 
tains 1 atom of deuterium to about 6,500 
^atoms of, ordinary (light) hydrogen. See 
Fusion f Thermonuclear, 

DIRTY WEAPON: One which produces a 
. larger amount of radioactive residues 
than a ^'normal" weapon of the same 
yield. | 
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DOSE *: A (total or accumulated) quantity 
of ionizing (or nuclear) radiation. The 
term dose can be used in the sense of 
the exposure dose, e:^pressed in roent- 
gens, which is. a measure of the total-' 
amount of ionization that* the quantity 
of radiation could produce in air. This] 
should be distinguished from the ab- 
sorbed dose, given in reps or rads, which 
represent the energy absorbed from the 
radiation per gram of specified body tis- 
sue. Further, the biological dose, in 
rems, is a measure of the biological ef- 
fectiveness of the radiation exposure. 
See RAD, REM, REP, Roentgen. 

, DOSE RATE »: ,As a general rule, the 
amount of ionizing (or nuclear) radia- 

.tion to which an' individual would be 
exposed or which* he would receive per' 
unit of time. It is. usually expressed as 
roentgens, rads, or rems per hour or in ' 
multiples or submultiples of these units, 

.such asj milliroentgens per hour. The 
dosp rate is commonly used to* indicate 
the level of radioactivity in a contami- 
nated area. 

DOSIMETER: An instrument for measur- 
ing and registering total accumulated' 
exposure to ionizing radiations. 

DRAG LOADING: The force on an object, 
or structure due to the transient winds I 
accompanying .the passage of a blast' 
wave. The drag pressure is the product^ 
of the dynamic pressure and the dr^g 
^ coefficient which is dependent upon the 
shape (or geometry) of the structure or 
object. See Dynamic Pressure. 

DYNAMIC PRESSURE: The air pressure 
^ which results from the«mass air flow (or 
wind) behind the shock front of ^a blast 
wave. It is equal tcj^the product of half 
the density of the air through which the 
blast wave passes and the square of the . 
particle (or wind) velocity behind the 
shock front ^s it impinges on the object 
or structure. ' 



yn this revised text» "exposure" and "exposure rate" h«ve been sub- 
stJfuted for 'dofe'' and "doi«. rite" in those instances whcr« the meas- 
urement is explicitly or implied in roentfen units. Dose and dose rate 
have been retained where the meanincris an absorbed quantity or rfcte - 
in rad or rem units. . 
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EARLY FALLOUT:~Sefi Eallmit. 

ELECTROMAGNErTIC PULSE (EMP):I 
Energy radiated by a nuclear detona- 
tion in the* medfurfti-to-low frequency 
range that may, affect or damage el4:tri- 
cal or* electronic components and equip- 
ment. 

J^LECTROMAGNfiTIC RADIATION: A 
traveling wave motion resulting from^^ 
oscillating magnetic and electric fields. 
Familiar electromagnetic radiations 
range from X-rays (and gamma rays) of 
short wayelength, through the .ultravi- 
olet, visible, and infrared regions, to ra- 
dar and radio waves of relatively long 
wavelength. All electromagnetic radia- 
tions travel in a vacuum with the veloc- 
ity Qf light. See Photon. . 

' 1 

ELECTRON: A particle' of very small 
mass, carrying a unit negative or posi- 
ti^|e charge. Negative electrons, sur- 
rounding the nucleus; are present in all 
atoms; their number is equal to the 
number of positive charges (or protons) 
in the particular nucleus. The term elec- 
tron, where used alonp, commonly refers 
to these negative electrx)ns. A positive 
electron is usually called a positron, and 
a negative eilectron is sometimes called 
a negatron. See Beta Particle. 

ELECTRON VOLT (eV): The energy im- 
parted to an electron when.it is moved 

^ through a potential difference of 1 volt, 
it is equivalent to 1.6 x 10-*^ ^rg. 

ELEMENT: One of the distinct, basic vari- 
eties of matter occuring in nature 
which, individually or in combination, 
compose substances of all kinds. AlJprox- 
imatelj^ ninety different elements are 
known to exist In nature and several 
others, including plutonium, have been 
obtained as a result of nuclear reactions 
with these elements. 

EkERGENCY OPERATING CENTER 
(EOC): The protected site from which 
• civil government officials exercise direc-' 
[ tion andcorjtyol in ari ^ergency. 

ENERGY: 'Capacity for performing work. 



EPlEtERMTS: The 9Uter-skin. . 

EPILATION: Loss of hair. ' . 

ERQ} A unit of energy or w^ork. An erg is 
the energy required for^^n electron to 
ionize about 20 billion molecules of air. 

ERYTHEMA:. A^superficial skin disease 
cfhafacterized by abnormal rjedness, but 
without swelling or^fever. ^ 

'EXCITATION: The raising or transfer- 
ring of an atom from its normal energy 
level to a highe^ energy level. 

EXPOSURE CONTROL: Procedures 
taken to keep radiation exposures of 
individuals or groups from exceeding a 
recommended l^vel, such as keeping out- ^ 
side missions as short as possible. 

EXPOSURE: See i^ose. " - 

EXPOSURE RATE: ^ee Dose Rate. 



F 

FALLOIIT: The process or phenomenon of 
the fallback to the, earth's surface of 
particles xiontaminated with radioactive^^ 
material frOm the radioa<jtive cloud. The ' 
term is also applied in a coUecttve sense 
to the cohtan^inated particulate matter 
itself. The early (or local) fallout is de- 
fined, sonr^ewhat arbitrarily, as those 

. particles which reach the e%rth witHin 
24 hours after a nuclear explosion. The 
delayed (or worldwide) fallout consists of 
the smaller particles which ascend into 
the upper troposphere and into the 
stratosphere and are carrie|l by winds to 
all parts of the earth. Th^ delayed £al- 

, lout is brought to earthj mainly by rain 

|. and snow, over extended periods rang- 
ing from months to years. 

FALLOUT MCJNITORING STATION: ^ 
designated facility for the collection of 
radiological data by trained and assigned 
monitors using instrumetits Stored or 
assigned to that location. It should have 
good fallout protection and relatively 
reliable comm'unications. Examples 
might be a fire station, police or public 
"^works building, public fallout shelter, 
etc. * Q i 
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FILM BADGE: A small fnetal or plastic 
frame, in the form of a l)adge, worn^ by 
personnel, ai^d containing X-ray (or sim- 
ilar photographic) film for estiinating 
the total amount of ionizing (or nuclear) 
radiation to which an individual .has 
been exposed. 

FIREBALL: The luminous sphere of hot 
gases which form a few milliopths of a 
second after a nuclear explosion as the 
result of the absorption by the sur- 
rounding medium of the'thermal X-rays 
emitted by the ei:tremely hot (several 
tens of millions degrees) weapon resi- 
dues. The exterior the fireball in air is 
initially sharply defined by the lumi- 
' nous shock front and later by the hm*ts 
of the hot gases themselves (radiation 
front). 

FIRE STORM: Stationary mass fire, gen- 
erally in built-up urban areas, generat. 
ing strong, inrushing winds from all .si- 
des; the winds ^keep the fires from 
spreading whil^ adding fresh oxyf en to , 
increafse their intensity. , 

FISSION: The process' whereby the nu- 
cleus. of a particular heavy element 
.splits into (generally) two nuclei of ^ 
lighter elements, with the release of 
substantial amounts of energy. The 
most importanit fissionable materials 
are uranium 235 ^d plutonium 239. 

FISSION FRACTION: The fraction (or 
percentage) of the total yield of a nu- 
clear weapon which is due to fission. For 
thermonuclear weapons the average 
value of the fission fraction is about 50 
perpertt. , 

FISSION PRODUCTS: A general term foV 
' the complex mixture of substances pro- 
duced as a result of nuclear fission. A 
distinction should be made between- 
these and the direct fission products or 
fission fragments which are formed by 
the actual splitting of the heavy-ele- 
ment nuclei. Something like 80 different 
fission fragments result from roughly 40- 
different modes of fission of ^ given ' 
nuclear species, e.g., uranium 235 or plu- 
tonium 239. The fission fragments, being 
t» radioactive, immediately begin to decay. 
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forming additional (daughter) products, 
with the result that the complex mix-' 
^ ture of fission products "so formed con- 
^ tains about 200 different isotopes of 36 
elements; 

FLASH BURN: A burn caused by exces- 
• sive exposure (of bare skin) to thermal 
radiation. See Thermal Radiation. 

FRACTIONATION: Any one ,of seve/al 
processes^apart from radioactive decay,^ 
which results in change in. the composi- 
ton of thef radioactive weapon debris. 
. As a result 'of fractionation, jthe delayed 
fallout generally* contains relatively 
more of strontium 90 and cesium 137, 
which have gaseous precursors, than 
► does the early fallout from a surface 
burst, ^ ^ ^ 

FREE AIR OVERPRESSURE (OR FREE 
FIELD OVERPRESSURE): The unre- 
fleeted pressure, in excels of the am- 
bient atmospheric pressure, created in 
the^air by the. blast wave from an explo- 
"•sion, 

FUSION: The process whereby the nuclei 
of light elements, especially those of the 
^isotopes of hydrogen, namely, deuterium 
and tritium, combine to form the nu- 
cleus of a heavier element with the, re- 
lease of substantial amounts of energy. 
See Thermonuclear. 



GAMMA RAYS' (OR RADIATIONS): Ele- 
ctromagnetic raidiations of high energy 
originating in atomic nuclei and accom- 
panying many nuclear i^eactions, e.g., 
fission, radioactivity, and neutron. cap- 
ture. Physically, gamma rays"lire identi- 
cal with X-rays of high energy, the only 
Essential difference being that the X- 
rays do not originate froiji atomic nuclei, * 
but are-produced in other ways, e.g., by 
slowing down (fast) electrons of hifeh 
energy. See Electromagnetic Radiation, 
X'Raya. , ^ 

GEIGER COUNTER: An electrical device, 
which can be used -for detecting' and 
measuiring relatively low levels of nu- 
clear radiation. ^ . . , 

1«9 
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GENETIC EFFECT: The effect (of nuclear 
radiation, in particular) of producing 
changes (mutations) in the hereditary 
components (genes) in the germ cells 
present in^the regroduclive organs (gon- 
ads). A mutant gene causes changes in 
the next generation which may or may 

y not be apparent. 

GEOMETRY SHIELDING: Shielding 
gained by distance from the source of 
radiation. 

GRAM: A unit of mass^and weight in the 
metric system equal to approximately 
one-thirtieth of an ounce. 

GROUlSfD ZERO: The point on the surface 
of land ar water vertically below or 
above the^center of a burst of a nuclear 
(or atomic) weapon; frequently abbrevi- 
ated to GZ. For a bu>rst over or under 
water, the term surface zero should 
preferably be used.' 

GUN-TYPE WEAPON: A device in which 
two or more pieces of fissionable mate- 
rial, each less than a critical massr, are 
brought together very rapidly so as to 
form a supercritical mass which can ex- 
plode as the result of a rapidly expand- 
ing fission chain. 

' H 

HM.F-LIFE: The time required for the 
activity qf a given radioactive species to 
'decrease to ha^f of its initial value due- 
to radioactive decay. The half-life is a 
^ , characteristic property of e^ach radioac- 
tive species and is independent of its 
amount or condition. The effective half- 
life of a given isotope is the time in 
which the quantity ia the body will de- 
crease to half as a result of both radioac- 
J^v^ decay apd biological elimina^on. 

HALF-VALUE THJCKNESS: The thick- 
ness of a given material which will ab- 
sorb half the gamma radiation incident 
upon it. This thickness depends on the 
nature. i)f the material — it is roughly 
inversely proportional to its density — 
and also on the' energy of the gamma 
rays. 

^ ALOGEN: The family of elements con- 



taining fluorine, chlorin^, brom*ine, io- 
dine and astatine. 

HEAVY HYDROGEN: Sej Deuterium. 

HEAVY WATER:. Water containing heavy 
hydrogen (deuterium) atoms in place 'of 
the i^ormal hydrogen^atoms. ^ 

HIGH-ALTITUDE BURST: This is de-- 
fined, somewhat arbitrarily, as a deto- 
nation at aa altitudes over 100,000 f^et. 
Above this level the distribution of the 
energy, of the explosion between blast 
jand thermal radiation changes appreci- 
ably with incxeasing altitude due to 
changes in the fireball phenomena. 

HOT SPOT: Region"in a contaminated 
area in which the level of radioactive 
contaminati9n is somewhat greater 
than in rfeighboring regions in the area. 
See Contamination, 

HYDROGEN BOMB (OR WEAPON): A 
term sometimes applied to nuclear 
weapons in which part of the explosive 
energy is obtained from nuclear fusion 
(or thermon-uclear) reactions. See Fu- 
sion. Nuclear Weapon, Thermonuclear. 

I 

IMPLOSION WEAPON: A device in which 
a quantity of fissionable material, less 
than a critical mass, has its volume sud-*^ 
denly decreased by compression, so that 
It becomes supercritical and an explo- 
sion can take place. The compression is 
achieved" by means of a spherical ar- 
rangement of specially fabricated i 
shapes of ordinary high explosive which! 
produce an inwardly directed implosion . 
wave, the fissionable material being at 
the center of the sphere. See Supercriti- 
cal. 

INDUCED RADIOACTIVITY: Radioactiv- 
ity produced in certain materials as a 
result of nuclear reactions, particularly 
the capture of neutrons, which are ac- 
companied by the formation of unstable 
(radioactive) nuclei. The activity in- 
duced by'neufrons from a nuclear (or 
atomic) explosion in materials contain- 
ing the elements sodium, manganese, 
silicon, or aluminum may be significant. 
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INFRARED: Electromagnetic radiations 
* of wavelength between thfe longest visi- 
ble red (7,000 Angstroms or 7 x 10"^ 
millimeter) and about 1 millimeter. See 
Electromagnetic Radiation. 

INITIAL NUCLEAR RADIATIOI^: Nil- 
clear radiation (essentially neutrons 
^ and gamma rays) emitted from the fire- 

• ' ball and the cloud column during the 
first minute after a nuclear (or atomic) 
explosion. The *me limit of one minute 
is set, somewhat arbitrarily, as th&t i;e- 
quired for the source of part of the ra- 
diations (fission products, .etc., in the ' 
radioactive cloud) to attain such a 
height that only insig/iificant amounts 
reach the earth's surface. See^Residual 
Nuclear Radiation. 

• INTENSITY: Thie energy^lef any radia- 
tion) incident upon (or flowing through) 
unit area, perpendicular to the radiation 
beam, in*unit time. The ihtensity of 
thermal radiation is generally expressed 
in calories per square centimeter pei? 
second falling on a given surface at any 

^J-^pecified^instant. As applied to tiuclear 
radiatioii, the term intensity is some- 
times used, rather loosely, to express 
the exposure rate at a given location, 
e.g, in roentgens <or milliroentgens) per » 
hour. - ^ ^ * . 

INTERNAL RADIATION: NucFear radia-' 
^ tion (afpha and,l)eta partialis and 
gamma radiation) resulting from radio- 
-active substances in tjie body. Impor: 
tant sources are iodine 131 in the thy- 
roid glan^<fm4 strontiijni 90 andpluton- 
ium.239 in the bone, 

INVERSE SQUARE LAW: The law which 
states that when radiation (therm^il or 
nuclear) from a point* source is emitted 
upiformly in all directions, the amount 
received per unit area at any given dis- 

^ tance from thfe source, assuming ho ab^ 
sorption, /is inversely proportional to the 
square of'that distan-cfe. \ 

IONIZATION: The separation of^a nor- 
hially electrically neutral atom or mole- 
cule into electrically charged compb- ' 
nents. The term is klso employed to de- 
scribe, the degree or extent to which this 



separation occurs. In the sense/used in 
this book/ ionization refers^especi^Hy to 
the removal of an electron (negative 
charge) from ^the atom or molecule, 
either directly or. indirectly, leaving a 
positivdy charged ion. ^The separated 
electron and ion are referred to, as an 
ion p'sair. See Ionizing Radiation^ ' _ * 

ION PArR: See loniTlation. * ^ 

IONIZIN(S-RAt>IATION: Electromagnetic 
radiation (gamma rays or X-rays) or 
particulate radiation (alp}\a particles, 
beta particles, neutrons, etc.) capable or 
producing ions, i.e., electrically charged 
particles, directly or indirectly, in its 
passage through matter. 

ISOCROME: A line connecting those 
points on the eajth at which fallout 
from any one weapoji is forecast to 
reach t-he surface/at the same ti^e. 

ISOTOPES: Forms of the same element 
having identical chemical properties but 
differing in their atomic masses (due to 
different^ numbers of neutrons in their 
respective nuclei) an^ in their nyclear 
properties, e.g., radioactivity, fission, 
etc. For example, hydrogen has thr^e 
is6top^s, with masses of 1- (hydrogen),^2 
(deuterium), and ^{tritium) ufiits, respec- 
tively: The first two of these are stajbje ' 
jnonradioacfrve), but the third (tritium) 
^ IS a ryioactive isotope. Both of the com-. 
. mon isotopes of urani^um*, with masses pf 
235 and 238 units, respectively, are-ra-^ 
, dioactive, en^ftting alpha particleis, but 
their half-lives are different. jFurther- 
more, uranium 3^35 is fissionable by neu^ 
trons of all enemies, but uranium 238 
will undi{rgo fissiRn only witlj neutrons 

of high energy, See Nucleus. 
/ 

% 
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' (None) 



KILO-ELECTRON VOLT (keV): An 
amount of energy equal to l,000,electron 
volts. See Electron Volt. 

KILOTON ENERGY (KT): The energy of a 
nuclear (or atomic) explosion which is 
equivalent to that produced by the ex- 
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plosion of 1 kilotoR (i.e., 1,000 tons) of 
TNT, i.e., 1Q»2 calories of 4.2 y\iO'^ ergs. 
See Megaton Energy, TNT Equivalent 

I 

LD/50 or LD-50 or LD50: Abbreviations for 
median lethal ddse. See Medid^ Lethal 
Dose. ^ ^ ^ 

M 

MACH EFFECT: See Mach Stem. 

MACH STEM: The shock ft^ont formed by 
the fui^ion of the incident and reflected 
shock fronts from an explosion. The 
term is generally used with reference to 
a blast wave, propagated in the air, re- 
flected at the surface of the earth. The 
Mach stem is hearly perpendicular to 
the reflecting surface and presenis a 
slightly convex (forward) front. The 
^aoh stem is also called the Mach front. 

MALAISE: Uneasiness. Discomfort. 

MASS: a measure of the quantity of mat- 
ter. The material equivalent of energy. 
Mass and energy ai'e different forms of 
th^ same thing. 

.MASS NUMBRR: See Nuklms. 

, IMUEDIAN LETHAL DOSE: The amount of 
iqpizing (or nuclear) radiation exposure 
oVeir, the whole body which, it is ex- 
pected, jivotfld be fatal to 50 percent of a 
large gi^oup of living ci'eatures or orga- 

^ nisms. ft is commonly (although not uni- 
' versally) accepted* that about 450 roent- 
gems, received over the whole body in 
the course of a few' days or less, is the 
median letlral dose for human beings. 

MEGACUEIE: One million curies. See 
Curie. 

MEGATO^I ENERGY (MT): The energy, 
of a nuclear explosion which is equiva- , 
Iqnt to 1,000,000 tons (or 1,600 kilo-tops) 
of TNT, i.e.,40»* calories or 4.2 x 10^^ ^gs. 
S6e ThiT Equivalent. 

MEV <MeV): Million electron volts, a unit 
of , energy commonly used, in nuclear 
physics. It is equivalent to 1.6 xlO"^ erg. 
Approxirhately 200 MeV of energy are 
produced for every nucleus that under- 
goes fission. See Electrorjj/olt 



MICROCURIE: A one-millionthtpart *of a 
curie. See Curie. 

MICRON: A one-millionth p»i:t^of ammeter, 
i.e,, 10"^ meter or- 10"** centimeter; it is 
- FDUghly four one-hundred-thousandths 
' (4 xlO"^) of an inch. 

. MICROSECOND: A one-millionth part of a 
second. 

MILLICURIE (mCi): A one-thousandth 
part of a curie. 

MILLIREM: A one-thousandth part of a 
rem. * ' 

'MILLIROENTGEN (mR): A one-thou- 
sandth. part of a roentgen. 

MILLISECOND: A one-thousandth part 
of a second. 

■"MITOSIS: The process by which living 
cells multiply in the pody by splitting or 
fissioning. - * ^ 

MOLECULE: The smallest unit of a chem- 
ical compound. For example a molecule 

. of water consists of two hydrogen atoms 
combin^ed with one atom, .of oxygen 
(HjO), and a molecule of sugar con^sists 
of a combination of twelve carbon at- 
oms, twenty-two hydrogen atoms, and 
^eleven oxygen "atoms (C,2H220i,). 

MONITOR: An individual trained to meas- 
^ ure, record, and report radiation expo- 
sure and exposure rates; provide limited 

' field guidance ©n radiation hazards as- 
sociated with operations to which he is 
assigned; and perform operator's main- 
tenance of radiological instruments. 

MONITORING: The prpcedure or opera- 
tion of locating and measuring radioac- 
tive contamination by means of survey 
instruments which can'ditect and meas- 
ure ionizing radiations. The individual 

* performing the-^peration is called a 

nKjnitor. • • , * 

• ' ' ' . 

MUTATION: A change in the tjharacteris- 

tics of an organism produced by altering 

the /Usual hereditary pattern. -Radiation 

' can cause mutations in aH^ living things. 

N . 

NEGATIVE PHASE: See Shock Wave. 



NEUTRON: A neutral particle, i\e., with 
no electrical charge, of approximately 
unit mass, present in^ all atomic nuclei, 
except those of ordinary (light) hydro- 
gen. Neutrons are required to initiate 
the fission process, and large numbers 
of neutrons are produced by both fission 
and fusion reactions in nuclear explo- 
sions. 

NUCLEAR FISSION: See Fission. 

NUCLEAR RADIATION: fSrticulate and 
electromagnetic radiation emitted from 
atomic nuclei in various nuclear proc* 
esses. The importanynuclear radiations, 
from the weapons gjandpoint, are alpha 
and beta .particles, gamma rays, and 
neutrons. All nuclear radiations are ion- 
izing radiations, but the reverse is not 
true; X-rays, for example, are included 
among ionizing radiations, but they are 
not nuclear radiations since they do not 
originate from atomic nuclei. See Ioniz- 
ing Radiation, X-Rays. 

NUCLEAR REACTOR: An. ap^paratus in 
which nuclear fission is sustained in a 
regulated self-supporting chain reaction, 

NUCLEAR WEAPON (OR BOMB): A gen- 
eral name given to any weapon in which 
the explosion results from the energy 
released by reactions involving atomic 
nuclei, either fission or fusion or both. 
Thus, the A- (or atomic) bomb and the 
H; (or hydrogen) bomb are both nuclear 
weapons. It would be equally true to call 
thei^ ^tomic weapons, since it is the * 
energy of atomic nuclei that is involved 
in each case. However, it has 'become 
more-or-less customary, although it is 
npt, strictly ^accurate, to refer to weap- 
. ons in which all the energy results from 
fission as A-bombs or atomic bombs. In 
order to ifnake a distinction, those weap- 
^ ons in which part, a(> least, of the energy 
i-esults from thermonuclear (fusion) re- 
actions among the isotopes of hydrogen 
have been called. H-bombs or hydro'gen 
bombs. 

NUCLEON: The common name for a con- 
stituent particle of a nucleus such as a 
proton Qr neutron. 



^ NUCLEUS (OR ATOMIC NUCLEUS): The 
small, central, positively charged region 

\ |of an atom which caries essentially all 
\Jthe mass. Except for the nucleus of ordi- 
nary (light) hydrogen, which is a single 
proton, all atomic nuclei contain both 
protons and neutrons. The number of 
protons determines the total positive 
charge, or atomic number; this is the 
same for all the atomic nuclei of a given 
chemical element. The total number of 
neutron's and protons, called the mass 
number, is closely related to the mass 
(or weight) of the atom. The nuclei of 
isotopes of a given element contain the 
same number of protons, but different 
numbers o/^neutrons.* They thus have 
the same atomic number, and so are the 
same element, but they have di/ferent 
mass numbers (and passes). The nu- 
clear properties, e.g., radioactivity, fis- 
sion* neutron capture, etc., of an isotope 
of a given, elemerit ai^a determined by . 
both the number of neutrons and' the 
number of protons. See Atom, E}lement, 
Isotope, Neutron, Proton. 

NUDET; Reporlj of nuclear detonation. 
O 

ORGAN: Organized group of tissue having 
one or more definite functions to per- 
form in a living body, 

OUTSIDE/INSIDE RATIO (01): The 
measured ratio of the fallout gamma 
radiation exposure rate at some point 
outside a shelter to the exposure rate at 
some point inside the shelter. For radiol- 
ogical defense purposes, the specific out- 
side point selected should have minimal 
protection. (See Protection Factor.) 

OVERPRESSURE: The transient pres- 
sure, usually expressed in pounds per 
square inch, exceeding the ambjent 
pressure, manifested *in the shock (or 
blast) wave from an explosion. The vari- 
ation of the overpressure with time de- ' 
pends on the energy yield of the explo- 
si9n, the distance from the point of 
burst, and the medium in which the 
weapon is detonated. The peak overpres- 
sure is the ma)cimum value of the over- 



pressure at a given location 4md is gen- 
erally experienced at th6 instant the 
shock (or blast) wave reaches that loca- 
tion. See Shock Wave, 

P 

\ 

PAIR PRODUCTION: The process 
whereby a gamrha-ray (or X-ray) pho- 
ton, with energy ir\ excess of 1.02 MeV. 
in passing near the nucleus of an atom 
is converted into a positive electron and 
a negative electron. As a result, the 
photon ceases to exist. See Photon, 

PEAK OVERPRESSURE: The maximum 
overpressure value at the blast front. 

PERIODIC TAELE: A chart showing the 
^"^arrangement of chemical elements in 
order of increasing atomic number in 
addition to grouping according" to cer- 
tain chemical similarities. 

PERSONNEL EXPOSURE MEASURE- 
MENTS: The measured exposure re- 
ceived by shelter occupants and opera- 
tions personnel in the field. 

PHOTOELECTRIC EFFECT: The process 
whereby a gamma-ray (or X-ray) pho- 
ton, with energy somewhat greater than 
that of the binding energy of an electron 
in an atom, transfers all its energy to 
the eljectron which is consequently re- 
moved from the atom. Since it has lost 
all, its energy, the photon ceases to exist. 
See Photon. 

PHOTON: A unit or "particle" of electrom- 
agnetic radiation, possessing a quantum 
of energy which is characteristic of the 
particular radiation. If v is the fre- 
quency of the radiation in cycles per 
second and X is the wave length in centi- 
meters, the energy quantum of the pho- 
ton in ergs is hv or hck where h is 
Planck's constant, 6.62 x 10-" erg-sec- 
ond and c is the velocity of light 
(3.00 X 10'^ centimeters per second). For 
gamma rays, the photon energy is us- 
ually expressed in million electron volt 
(MeV) units, i.e., 1.24 x 10- where X is 
in centimeters or 1.24 ^ lO-^/x if \ is in 
Angstroms. 

PIG: A container (usually lead) used to 
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tran^sport and store radioactive mate- 
rials. The thick walls protect the person 
handling the container from nuclear ra- 
diation 

PLUTONIUM: (Chemical symbol Pu.) A 
man made transuranium element, 
atomic number 94. When uranium 238 is 
bombarded with neutrons in an atomic 
reactor some of the uranium is con- 
verted Ijy nuclear reactions into pluton- 
ium, a fissionable material. ^ 

POINT SOURCE: A point at which radio- 
activity is concentrated as opposed to an 
area over which radioactive material 
might be spread. The DCPA Training 

/Source Set sealed capsule is an example 
of a point source. 

POSITRON: Positively charged electron. 

" POSITIVE PHASE: See Shock Wave. 

m 

PROTECTION FACTpR (PF): The ratio of 
gamma radiation exposure at a Stand- 
ard Unprotected Location to exposure • 
at a protected location, such as a fallout 
shelter. The Standard Unprotected Lo- 
cation is defined as a point 3 feet above 
an infinity, smooth, ground plane unifor- 
mally covered with fallout. Protection 
factor is a calculated ^alue suitable for 
planning purposes as an indicator of 
relative protection. (See Outside/Inside 
Ratio.) 

PROTON: A' particle of mass (approxi- 
mately) unity carrying a unit positive 
charge; it is identical physically with 
the nucleus of the ordinary (light) hy- 
drogen atom. All atomic nuclei contain 
protons. See Nucleus, 

(None) 
R 

RAD: A unit of absorbed dose of radiation; 
it represents the absorption of 100 ergs 

. of nuclear^ (or ionizing) radiation per 
gram of the absorbing material or tis- 
sue. 

RADEF: Radiological Defense. 

VJ3 
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RADIOACTIVE CLOUD: An dU-inclusive 
term for the mixture 'of hot gases, 
smoke, dust, and. other particulate mat- 
ter from the weapon itself and from the 
environment, which is carried aloft in 
conjunction with the rising fireball pro- 
duced by the detonation of a nuclear 
weapon. 

RADIOACTIVITY: The spontaneous dis- 
^ integration of unstable nuclei with ihe 
resulting emission of nuclear radiation. 

RADIATION EXPOSURE RECORD: The 
card issued to individuals for recording 
their personal radiation exposures. 

RADIATION INJURY: The harmful ef- 
fects caused by ionizing radiation. 

RADIOLOGICAL DEFEa/SE: The organ- 
ized effort, through warning, detection, 
and preventive and remedial measures, 
to minimize th^ effect of nuclear radia- 
tion on people^nd resources. 

RBE (RELATIVE BIOLOGICAL EFFEC- 
TIVENESS): The ratio of the number of 
rads of gamma radiation of a certain 
energy which will produce a specified 
biological effect to the number of rads of 
another radiation required to produce 
the same effect is the RBE of this latter 
radiation. 

REM: A unit of biological dose of radia- 
tion; the name ^s derived from the initial 
letters of the term "roentgen equivalent 
man (or mammal)." See RAD. ^ 

REMEDIAL MOVEMENT:^ Movement of 
people postattack to a less contami- 
nated area or a . better protected loca- 
tion. 

REP: A unit of absorbed dose of radiation 
now being replaced by \he rad; the name 
rep is derived from the initial letters of 
the term "roentgen equivalent physi- 
cal." Basically, the rep was intended to 
express the amount of energy absorbed 
per gram of soft tiss^ue as a result of 
exposure to 1 rorentgen of gamma (or X-) 
raidation. This is estimated to be abaut 
97 ergsr although the actual value de- 
pends on certain experimental da£a 
-which are not precisely known. The rep 



is thus defined, in general, as the dose of 
any ionizing radiation which results in 
the absorption of about 97 ergs of en- 
ergy per gram of soft tissue. For soft 
tissue, the rep and the rad are essen- 
'tially the same, See RAD, Roentgen. 

RESIDUAL NUCLEAR RADIATION: 
Nuclear radiation, chiefly beta particles 
and gamma rays, which persists for 
some time following a nuclear (or 
atomic) explosion. The radiation is emit- 
ted mainly by the fission products and 
other bomb residues in the fallout, and 
to some extent by earth and watar con- 
stituents, and other materials, in which 
radioactivity has been nljduced by the 
capture of neutrons. See Fallout, In- 
duced Radioactivity, Lnitial Nuclear Ra- 
diation. ' 

ROENTGEN (R): A unit of exposure to 
gamma (or X-) radiation. It is defined . 
precisely as the quantity of gamma (or* 
X-) radiation such that the associated 
corpuscular emission per 0.001293 gram 
of air produces, m air, ions carryi/ig one 
electrostatic unit quantity of electricity 
of either sign* From the accepted value 
(34 electron volts) for the energy lost by 
an electron in producing a positive-n'eg- 
♦ative ion pair in air, it is estimated that 
1 roentgen of gamma (or X-) radiation, 
would result in the absorption of about 
87 ergs of energy per gram of air. 

4 

Sm 

SHELTER: A habitable 'structure or space 
stocked with essential provisions and 
used to protect its occupants from^fal-', 
lout radiation. 

SHIEEDING: Any material or obstruction 
which absorbs radiation ahd thus tends " 
to protect personnel or materials from . 
the effects of a nuclear explosion. A 
moderately thick layer of any opaque 
material will provide satisfactory shield- 
ing from thermal radiation, but a con- . 
siderable thickness of material of high 
density m^y be needed for nucl6ar ra- ' 
diation shielding. 

SHOCK WAVE; . A continuously, propa- 
gated pressure pulse (or wave) in the 
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surrounding medium which may be air, 
water, or earth, initiated by the expan- 
sion of the hot gases produced in an 

^ explosion. A shoik wave in air is gener- 
ally referred to as^a blast wave, because 
it resembles and is accompanied by 

• ' strong, but transient, winds. The dura- 
tion of a shock (or blast) wave is distin- 
guished by two phases. First there is the 
positive (or^compression) phase during 
which the pressure rises very sharply to 
a value that is higher than ambient and 
then decreases rapidly to* the ambient 
pressure. The positive phase for the dy- 
namic pressure is somewhat longer than 
for overpre^ure, due to the moftientum 
of the moving air behind the shock 
front. The duration of the positive phase 
increase's and the maximum (peak) pres- 
sure decreases with increasing distance 
from an, explosion of given energy yield. 
In thg second phase, the negative (or 
suction) phase, the pressure falls below 
ambient and then returns to the am- 
bient value. The duration of the nega- 
tive phase^ is approximately constant 
^ throughout the blast wave history and 
may be several times the duration of the 
positive phase. Deviations from the am- 
bient pressure during the negative 
phase are never large and they decrease 
with in<jreasing distance from the explo- 
sion. See Dynamic Pressure^ Overpres- 
sure. 

\ 

SOMATIC: Of/or relating to the body, as 
opposed to the spirit; physical. 

SPECfRUM: An image, visible or invisi- 
. ble, fortned by rays of light or Qther 
radiant energy, in which parts are ar- 
ranged according to their refrangibility 
or wave-length, so that all of the same 
wave-length fall together while those of 
different wave-lengths are separated 
from each other, forming a regular .pro- 
gressive* series. ^ 

STRATOSPHERE: A relatively stable ^ 
layer of the atmosphere between the 
tropopause and a height of about 30t 
miles in vjhich the^temperature changes 
very little (in polar and temperate 
zones) Qj* increases (in the tropics) with . 

' ' increasing altitudes. In the stratosphere 
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clouds of water never form and there is 
practically no convection, ^ee Tropo- 
pause. Troposphere. 

SUBCRITICAL: The inability of a fission- 
able material to support a self-sustained 
' chain reaction* 

SUBSURFACE BURST: ^ee Underground 
Bursty Und^er^vaier Burst 

SUPERCRITICAL:^A term used to de- 
scribe the state of a given fissiQn system 
when the quantity of fissionable mate- 
rial is greater than the critical mass 

• under, the existing coJidilions. Aliighly 
supercritical system is essential for the 
productiqn of energy at a very rapid 

. rate so that an explosion may occur. See^ 
Critical Mass. 

SURFACE BURST: The explosion of a 
nuclear (or atomic) weapon, at the sur- 
face of the land or water or ^it a height 
above the surface less than the radius of 
the fireball at maximum luminosity (in 
the second thermal pulse). An explosion 
in which the weapon is detonated ac- 
tually on the surfacg (or within 5W^^ 
^ feet, where W is the explosion yield in . 
kilotons, above or below the surface) is 
called a contact surface burst or a true, 
surface burst. See Air Burst. ^ 

SURVEY METER: A portable instrument, 
, such as a Geiger counter or^ionization 
chamber, used to detect nuclear radia- 
tion and to measure the exposure rate. 
See Monitoring. 

SYNDROME, RADIATION: The complex 
of symptoms characterizing the disease 
ki^own as rk(}iation injury, resulting 
from excessive exposure of the whole (or 
a large -part) of the body to ionizing 
radiation. The earliest of these symp- 
toms are nausea, vomiting, and diar- 
rhea, which may be followed by loss of 
hair (epilation), hemmorhage* inflamma- 
tion of the mouth ^and throat, and gen- 
eral loss of energy. In severe cases, 
where the radiation exposure has been 

. relatively large, death may occur within 
» two to four weeks. Those who survive 6 
weeks? after the receipt of a single expo- 
sure of radiation may generally be ex- 
pected to recover. » 
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TAMPER: A strong container. 

TflERMAL ENERGY: The energy emit- 
ted from the fireball as thermal radia- 
tion. The total amount of .thermal en- 

^ ergy received^jer unit area at a speci- 
fied distance from a nuclear (or atomic) 
explosion is generally expresse(i^ in 
terms of calories per square centimeter. 

' See ThermqJ, Radiation. ' \ 

THERMONUCLEAR: An^adjective lefer- 
ring to the procd'ss (or processes) in 
which very j[iigh temperatures are used 
to bring about the fusion of light nuclei, 
such as those-^f .th.e hydrogen isotopes 
(deuterium and tritium), with the. ac- 
companying libe^ration of energy. A 
thermonuclear bomb is a weapon in 
which part of the explosion energy re- 
sults X^on^ 'thermonuclear fusion reac- 
tions. The high temperatures requirM^ 
are obtained by means of a fission explo- 
sion. See Fusion. ^ 

THERl^AL RADIATION: Electromag- 
netic radiation emitted (in two pulses 
from an air burst) from the fireball as a 

^ consequence of its very high tempera- 
ture; it consists essentially of ultravi- 
olet, visible, and infrared radiatioirs. In 
the early stages (first pulse of an air 
bur^), when the temperature of -the 
fireball is extremely high, the ultravi- 
olet radiation predominate^ in t^he sec^ 
ond pulse, the temperatures are- lower 
and mast of the thermal radiation lies ih 
the visible and infrared regrions of the 
spectrum. From a high-altitude burst, 
the thermal radiation 'is emitted in a 
single short pulse. 

TNT EQUIVALENT: A measure of the 
energy released in the detonation of a 
nuclear weapon, or in the explosion of a 
given quantity of fissionable material, 
expressed in terms of the weight of TNT 
which woald release th^ same amount of 

^ energy when exploded: The TNT equiva- 
lent is usually stated in kilotons or me- 
gatoris. The b^sis- of "tfie TNT equiva- 
lehcjk is that the explosion of 1 ton of *' 
TNT releases 10* calories of energy. See 
Kiloton, Megaton, Yield. 



TRANSMUTATION: The changing of 5ne 
element iato another by a'nuclear reac- 
tion. ' 

TRITIUM: A radioactive isotope of hydro- 
gen, having a. mass of 3 units; it is 
produced in nuclear reactoY's by the ac- 
tion of neutrons on lithium nuclei. 

^TROPOPAUS^: The imaginary >Qundary 
layer dividing the stratosphere from the 
lower part of the atmosphere, the tropo- 
sphere. The tropopause normally occurs 
at^an altiture of about 25,000 -to 45,000 
feet in polar and temperate zones, and 
at 55,000 feet in the tropics. ^ 

' TROPOSPHERE: Tbe region of the atmbs-' 
phere immediately above the earth's 
• - surface and up to the tropopause in 
^ which the temperature falls fairly regu- 
larly with increasing altitude, clouds 
form. Convection is active, and mixing is 
continuous and more or less complete. * 

u 

ULTRAVIOLET: Electromagnetic radia- 
tion of wave length between the short- 
est visiBle violet and soft X-rays. 

UNDERGROUND BURST: The explosion ' 
of^a nuclear weapon with its center 
more than 5W*^^ het, where W is the 
explosion yield* in kilotons, beneath the 
surface of the ground. -See Contained 
^ U nderground Burst. 

UNDERWATER BURST: The explosion of 
a nuclear -weapon yith its center be- 
neath -the surface of the water. 

URANIUM: (Chemical symbol U.) The* 
heaviest naturally jDccurring radioactive 
element, atomic number 92. The only 
appreciable souroj^ of fissionable mate- 
' rial occurring in natui;^ is in uranium 
ore. This cc^ntains about 0.7% of the 
fissionable isotope U^^ and 99.3% -of the 
nonfissionable isotope U"*. 

^ V , 

(Nonfe) 
' W 

WEIGHT: A measuj-e of the force with 
which matter is attracted to the earth. ' 
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VORLDWIDE FALLOUT: See Fallout. 



X-RAYS: Electromagnetic radiatioji? .of 
^ high energy having wave lengths 
shorter than those in tiTe' ultraviolet 
region,^i.e., less than 10^^ cm or 100 
Angstroms. As generally produced by X- 
ray machines, they are bre^sstraHlung 
resul^ting from the interaction of elec- 
trons of 1 kilo-electron volt or more en* 
ergy with a metallic target. Seeffamma 
RaySf Electromagnetic Radiatio^. 



YIELD (OR ENERGY YIELD): The .totals 
effective energy >.released in a nrfclear 
explosion.. It js usually' expressed ia 
term.s of the equivalent tonnage-of TNT 
required to produce the same energy J 
release in an explosion. The total energy « 
yield is manifested as nuclear radiation, 
thermal radiation, and^shock (ah^ blast) 
energy, the actual distribution being de- 
pendent -upon the. medium in which tjje 
explosion occurs (primarily) and also 
upon the type of weapon ^jsnid the time 
after detonation. 
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